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ABSTRACT

The critical factors involved in the
selection of fluids and lubricants for deep
ocean equipment are defined, and methods of
determining critical properties are described.

!i The values of critical properties are given
for fluids and lubricants as they have been
determined or are known from previous liter-
ature. Suggestions also are given on the
applicability and possible limitations of the
fluids and lubricants for deep submergence
vehicle use. It is planned to revise and
Update the contents of this handbook period-

* ically.
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i PREFACE

The Deep Ocean Technology (DOT) "Handbook of Fluids and
Lubricants for Deep Ocean Applications" was prepared to provide
critical properties, evaluation methods, and other pertinent
fluid and lubricant infr ,-t;on to designers, engineers, and
operating personnel concernec, with deep ocean applications.

This handbook is a "guide," not a specification. It cannot
be cited as authority for action. It supplements published
information and aids the user in selection of a fluid or lubri-
cant applicable to a particular deep ocean application.

Content and Organization of the Handbook

Chapter I defines and discusses the factors involved in the
selection and performance of fluids and lubricants in deep ocean
applications. This chapter is written as an integrated account
to be read in sequence as in a book.

Chapter II describes in detail the methods employed for
establishing the fluid properties presented in Chapter III. This
last chapter provides suggested applications and possible limi-
tations in addition to the properties.

In compiling these data we have consulted many sources and
utilized applicable experience wherever found. Thus, the
Bibliography represents, in effect, contributors as well as
source material.

Revisions, Growth, and "User Comment Return Form"

The DOT "Handbook of Fluids and Lubricants for Deep Ocean
Applications" is designed to be periodically revised to include
new data and considerations for fluid encapsulated system design
and additional deep c':ean applications. Responsibility for the
maintenance and expan6i.on of the handbook has been assigned,
under the supervision of the Naval Ship Systems Command (SHIPS
03424), to the Naval Ship Research and Development Laboratory,
Annapolis, Maryland.

Revisions to the handbook will be effected by the use of
page changes and additions. As the handbook is published in
loose-leaf form, revisions may easily be made.

iv



PREFACE (Cont)

J Using commands and individuals within the Navy and the non-
military marina community are encouraged to submit additional
data, paragraphs, or chapters. Less extensive feedback - even
more indications that specified sections are judged to be too
general .. is useful and solicited. Feedback may be forwarded
directly to

Deep Ocean Technology Program

Naval Ship Research and Development Laboratory
Li Annapolis, Maryland 21402

•I HMaterial received will be carefully reviewed and coordinated
] prior to publication. A handy preaddressed user comment return

form is included for your convenience.
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ADMINISTRATIVE INFORMATION

This first edition of the handbook was begun by the Naval
Ship Research and Development Laboratory, Annapolis, Maryland,
as part of the Deep Ocean Technology Program, $4636, Task 12315,
Work Unit 1-821-118-A "Fluids and Lubricants for Deep Submergence
Applications." The Program Manager was the Naval Ship Systems
Command (SHIPS 03424), and Naval Ship Engineering Center (SEC
6101F) was the Technical Agent. It was completed under S4636,
Task 14745. Laboratory Work Unit 1-723-113-A, "DOT Compensating
Systems." The Program Manager was Naval Ship Systems Command
(SHIPS 03424), and Naval Ship Engineering Center (SEC 6141) was
the Technical Agent.
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l"jIDENTIFICATION OF FLUID CODES

• d

Code Co_ ercial Name Supplier

- F, Houghton Co., 303 W. Lehigh Ave.,
_____Philadelphiap Pa. 19133

B Nicrortic 713 Bray Oil Co., 3W Mn1nord St., Los
I Angeles, Calif. 90063
Micronic T•2 Bray Oil Co., 3344 mulford St., Los

S~~Ansetest C~alif, 9oo06,5..

"D DH-'TD4-1 New Departure - Hyatt Bcarings, Hayes
Ave.*& Sanduasky, Ohio 4481l

SB oover ~i3 Hoover Electric Co ., 2100 South Stoner
mersible Fluid St., Los Angeles, Calif. 90025

SIm 1o. 2
F Tellus 11 Shell Oil Co., 50 w. 50th Gt., New York,

___________N. Y. 10020

QG Tilus 15 Shell Oil Co., 50 w. 50th St., New YorkY.
SN. Y. 10020

Hf Tellus 27 Shell Oil Co., 50 W. 50th St., New York,
_ _ _ N. Y. 10020

J Priz•Ai 207 Humble Oil and Ref.ning Co., P.O. Box
S51288, Baltimore, Md. 21203

"JK Mar0l' 52 Humble Oil and Refining Co., P.O. Box
12883, Baltimore, Md. 21203

L -SP- 'General Electric Co., Silicone Products
sA cDept., Waterford, N.Y. 12188

WM C-141 Royal Lubricants Co., River Rd., Hanover,
N. J. 07936

"N PR-85i -- 9 NE. F. Houghton Co., 303 W. Lehigh Ave.,
Philadelphia, Pa. 19133
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SNTRODUCT ION

in the typical U. S. Navy submarine, most of the operating

machinery for propulsion, maneuvering, and other required func-
tions is located within the pressure hull. In contrast, only
the control equipment of deep submergence vehicles is housed
within the pressure capsule. It is connected by wires through
glass-to-metal seals through the capsule to external machinery.
Thus, only electrical control signals are provided to pumps,
motors, winches, hydraulic systems, and the other required
machinery operating in the ambient pressure, temperature, and
contaminants of the deep ocean.

1T shield system components from the corrosive action of
seawater and other effects of the ocean environment requires
that equipment be operated within some sort of protective medium.
Three approaches are being pursued: (1) encapsulation, (2) the
"hard shell," and (3) fluid compensation. Encapsulation of
components in a material such as epoxy resin is under investige-
tion. As an alternative, the sealed case, or "hard shell," is
not always applicable. Its disadvantages are the size and
wwight required to withstand the pressure of the deep ocean
environment, means to achieve adequate neat transfer, and the
problem of penetrations that can withstand high-pressure
differentials, A fluid-filled, pressure-compensated case for

U these components external to the pressure hull has been the pre-
ferred protective approach. This is the alternative that
requires consideration of suitable protective fluida.

* ix
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CHAPTER I
FLUID AND LUBRICANT PROPERTIES AND USE CLASSIFICATION

The exploration of the ocean depths has created requirements
for fluids and lubricants for which no precedent exists. The
hostile environment of the ocean, and not necessarily the sophis-
tication of the equipment, has placed new demands on fluids and
lubricants. Fluids will have to withstand exposure to ambient
temperatures ranging from 280 to 1300 F, pressures up to 20,000
psi, and a chemically corrosive environment.* Undersea explora-
tion is being performed by means of manned and unmanned submer-sibles, with externally placed pressure-compensated machinery,
manned submerged habitats, and submerged instrument packages,

each of which may have fluid or lubricant needs.

Generally speaking, there are three main uses for fluids
and lubricants in deep ocean applications:

* Power transmission; i.e., the fluid for a hydraulic
system.

r Lubrication; i.e., friction and wear reduction for
system bearings and gears.

. Shielding from environment; i.e., a fluid to fill
externally placed electric motors, switches, and relay boxes, to
protect the components from seawater.

Ideally one fluid could serve all three purposes, but most fluids
will not be suitable for all threa.

ý,J Furthermore, it must be remembered that when products pur-
chased under a military or federal specification are used,
properties not specifically required by the specification may
vary widely from one manufacturer to another and from one manu-
facturer's batch to another.

Viscosity

Viscosity is one of the most important single properties of
any fluid that is to be used for power transmission or for lubri-
cation. In surface vessels, submarines, and aircraft, viscosity

*Abbreviations used in this text are from the GPO Style Manual,
1967, unless otherwise noted.
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is no longer a serious problem, since representatives of the
various types of hydraulic fluids and lubricants are available in
suitable viscosities, and with improved additives to yield very
favorable viscosity/temperature relationships. While the effect
of temperature is still the major consideration, a new variable,
introduced with deep submergence, the viscosity/pressure relation-
ship, is superimposed on the temperature effect.

In nearly all planned uses, as many components as possible
are placed external to the pressure hull where the fluid serves
as a protective medium for the mechanical and electrical system
components and, of course, is subjeoted to the ambient pressure
at the dive depth. Moreover, the fluid in a hydraulic system is
usually pressurized to 3000 psi above the ambient pressure to
operate the system components. Such systems could subject the
fluid to a total of 20,000 psi at the maximum known depth of
the ocean.

It is well known that viscosity increases with pressure.
The viscosity of pure petroleum oils may increase as much as
30 times at a pressure of 20,000 psi. The viscosity of petroleum
oils with polymeric additives that improve the viscosity index
exhibits an increase of only 10-15 times the atmospheric pressure
value. Silicone oil of low viscosity increases 8-10 times in
the same range. Several mathematical relationships for predict-
'ing the increase of viscosity with pressure have been studied.
The best representation has been obtained from a third-order
polynomial expansion of the logarithm of viscosity at pressure
which agrees with measured values to within 1%; i.e.,

Anu = AnuO + bp + cpl + dp3

where

u = viscosity at the measured pressure

Uo = viscosity at atmospheric pressure

p = pressure

b = coefficient characteristic of the fluid measured
c = coefficient characteristic of the fluid measured

d - coefficient characteristic of the fluid measured.

1 -2 1



(A straight-line fit logarithm of viscosity versus pressure data,
A nu - Anu0 + bp, will predict values to within 10% of the mea-
sured values. The coefficients of the equations are character-
istic of the fluid measured.)

I The pressure/viscosity relationship imposes a new restric-
tion on the choice of fluids. The information available at theB present time offers some guidelines upon which to base a
selection:

* Lower viscosity fluids are less affected by pres-
sure than higher viscosity fluids.

"" Low viscosity permits higher spieds in electric
motors.

"" The viscosities of gas-saturated fluids are less
affected by pressure than are those of the gas-free fluids.

* Additives which improve the viscosity/temperature
relationship appear to significantly reduce the viscosity" change
due to pressure increase.

U e Low viscosity has also been shown to be a desirable
characteristic of fluids used in the satisfactory operation of

S switching electrical devices in fluids under high pressure. The
failure of electrical devices due to the buildr-p of solid prod-
ucts or "clinkers" between contact surfaces in pressure compen-U sating fluids takes place less readily, the lower the viscosity
of the fluid.

The addition of polymeric viscosity index improvers offer
an attractive possibility for alleviation of both temperature
and pressure effects on viscosity. These materials render aU fluid non-Newtonian; that is, its viscosity becomes dependent
upon the shear-rate condition to which the fluid is subjected.
The system designer must take into account that the apparent vis-U cosity of a non-Newtonian fluid in a system with a high shear rate
will be significantly lower than the viscosity measured by conven-
tional laboratory viscometers. The same shear which lowers theU viscosity of the fluid, due to its non-Newtonian behavior, has
the undesirable property of eventually degrading the viscosity-
improving additive (a polymer of high molecular weight) by reduc-

Sing its molecular weight, thus permanently reducing the viscosity
of the fluid.

B I1-3



Viscosity may be an important consideration for fluids which
are intended to provide environmental protection for nonmoving
electrical and electronic components. There arc indications that
in the event of sea-water 'ontaipination, all other things being
equal, fluids of hihuir viscosity have a greater tendency to keep
water in suspension, a characteristic which lowers the dielectric

breakdown voltage and insulation resistance of the fluid to
unacceptable levels.

Low viscosity may also be desirable in relation to elec-
trical equipment, from the standpoint of heat transfer. The
lower the viscosity of the fluid, the more rapid will be the
desired dissipation of heat generated by motors, switches, solid-
state devices, and other electrical components.

Lubricating Ability

The lubricating ability of a fluid or lubricant is a criti-
cal consideration in the selection of an immersion medium for
moving parts. While viscosity has been separately discussed as
a critical property, it also affects lubricating ability. The
present requirement for lubrication of moving parts under deep
submergence pressure, when considered in the light of the proper-
ties of known lubricants, dictates the use of low viscosity
fluids. On the other hand, such fluids present serious lubri-
cation problems at atmospheric pressure. A fluid for deep ocean
use will have its highest viscosity at the maximum operating
depth and thus at the lowest ambient temperature. It will also
have its lowest viscosity while operating on the surface or at
its shallowest operating depth, where the ambient pressure is at
a minimum and ambient temperature is at the maximum. Thus, a
fluid may have adequate viscosity for lubrication over most of
a machine's operating depth; yet when the machine is operated on
the surface, its viscosity may be below acceptable levels for
good lubrication. Conversely, a machine may have good efficiency
due to low viscosity when operating near the surface and have
poor efficiency due to high viscosity when operating at maximum
depth. In applications where viscosity is an important factor
(motors, gears, and hydraulic systems) it is necessary to con-
sider these operating extremes. A fluid whose viscosity shows a
small variation with pressure and temperature and has good lubri-
cating properties would be desirable for that machine. However,
in most instances, today, a tradeoff must be made since fluids
with these ideal properties do not exist for all required
applications.

1-4



A similar set of rt•iriztb was encountered in "Aeroepace'

applications where low vicositV. lubricants had to be employed

due to the extremely low ',,mp•vrature of the operating environ-

ment. The solution to the prt1btem was to develop additives to
3 improve the load-carrying ability (i.e., the ability of a lubri-

cant to maintain a film between two moving metal components pre-
venting metal-to-metal convict, duspite extremely high pressures),U to develop additives to impwove the viscosity/temperature rela-
tion, and to develop additives to keep the lubricants from oxi-

dizing from the heat generated by less-than-satisfactory lubri-
cation. In addition to the development of lubricants, changes
were made in design of the equipment to make it tolerate the low
viscosity lubricants. Furthermore, the natare of the applicationU made the relatively short running time and short equipment life
acceptable.

"Aerospace"-type lubricants are currently in ,ase in both
Navy and commercial deep submergence vehicles. While they have
proved satisfactory for present short-term operations, improve-

f�mants are required for reliable long-term operation in the pres-
sure range expected in the deep ocean envirorrAent.

Effects of Contamination

It is well known that water in a lubricant reduces the life

of loaded rolling angular-contact bearings by accelerating
rolling-contact fatigue failure. Water in a lubricant also
alters its rheological properties which ultimately affect its
lubricating ability for gears and sliding contacts.

Solid contaminants in the lubricant act as abrasives to
increase the wear on moving parts, and if solid particles are
present in sufficient quantities, the filters and valves in mov-
ing systems may become clogged and fail to operate as designed.

The acceptable limits of both sea-water and solid contamina-
tion have not been established.

II Corrosion Protection

Fluids and lubricants for deep ocean uses must provide pro-
tection from the corrosive character of the environment, seawater.
The fluid or lubricant must be capable of protecting the systemU from corrosion, for seawater has a high probability of entering
the system.

1
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been Rust-inhihitiny fluids and lubricants Ut many types hawv
been available for years and are available in the. low viscu.•ity
types required for deep ocean applications, fHowever, the ability
ofmany fluids to inhibit corrosion has, in the past, been eval-
uated chiefly in terms of the rust prevention uf ferrous metals.
To depena on such fluids may be hazardous since there are also
nonferrous metals in all deep submergence systems. It is not
always possible to use the fluid which has given maximum protec-
tion to a mild steel specimen in a laboratory test, since tv:re
are numerous examples of rust-inhibited fluids which severely
attack nonferrous metals. The specifications of fl,.Aids for
corrosion inhibition should be prepared, or revised, so that
uniform protection is provided for all the metals encountered
in the various systems.

A fluid which is to be used for any of the three main
functions - power transmission, lubrication, environmental
protection -must display the ability to protect all system
metals from corrosion. This is a property which must be con-
tinually improved so that system components are protected from
all forms of corrosion, that is, stress, galvanic, crevice, and
pitting, as well as general chemical attack by the action of
s eawate r.

Dielectric Properties

A pressure-compensating fluid for electric motors, relays,
switching devices, and electronic equipment must have good
dielectric properties and ideally should be otherwise inert to
the effects of electrical equipment operation.

The dielectric quality of a fluid is measured in terms
of electrical resistivity, dissipation factor, and dielectric
breakdown voltage. Dielectric properties of a fluid as received
result from its chemical nature and from the presence of addi.-
tives in certain cases. In practice, several factors affect
dielectric properties during usage.

Contamination of the fluid by sea-water leakage is an
important cause of failure. As little as 0.1% contamination by
seawater reduces the resistivity of some fluids below suggested
limits. Fluid chemical changes and carbon produced by arc dis-
charge through the fluid or from brush wear also lower its
resistivity and breakdown voltage below suggested limits. Equip-
ment failures due to lowered resistivity and dielectric breakdown
voltage also have been caused by contamination with metallic

I -6



I
particles resulting from the wear processes of moving parts. A
commonly observed failure at high pressures and high current
densities of fluid-compensated electrical switching devices is
the deposition of carbon or silica on electrical contacts, wherei arcing occurs. At present no fluid has been found that can pro-
vice long life under these conditions.

f Dissipation Factor

The need for fluids and lubricants with corrosion protec-
tion properties and improved lubricating ability has led to the
formulation of products which contain polar additives and those
in which water is soluble or with which water is miscible. In

~ addition to lowering the resistivity and dielectric breakdown
voltage, the polar materials also decrease the efficiency of
an electric motor by transformation of electrical energy into
heat energy in a nonsinusoidal alternating-current system. A
useful measure of this property is the dissipation factor of
the fluid. A high dissipation factor predicts dielectric heat-

ri ing losses. Dissipation factor is defined as the tan ent of the
loss angle expressed as percent for a dielectric material. (A
perfect insulator would have a loss angle of 0 degree and thus
a dissipation factor of 0%.) Dielectric heating losses are
proportional to the square of the voltage gradient, frequency
of applied voltage, dielectric constant, and dissipation factor.
The trend in submersible equipment is to use inverters and
choppers, without filters to save weight; thus, high frequencies
are encountered. It then becomes obvious that dielectric losses[ I through the fluid will increase if the dissipation factor of the
immersion fluid is high or if it increases due to contamination.
The losses would not be immediately obvious in laboratory bench
studies where commercial electric power is the energy source.
in actual naval service unfiltered inverters ard choppers with
a large percentage of high-frequency component are used. Eval-
uation methods which consider this operating condition have nct
been devised.

SAbility to Form Stable Emulsions

When the fluid encapsul&ting any electrical equipment becomes
1 sea-water contaminated, it is clear from the statements in the

preceding paragraphs on dielectric properties that efficiency may
be lost or failure may occur. The quantity of the seawater in
the fluid and its state of subdivision may determine whether
failure or efficiency losses will occur. This factor is especially
important in the operation of electric motors where motor shaft
seals may allow leakage of the external seawater. If the oil

I-7



permits the water to separate in large drops, a short circuit
and catastrophic failure can occur when one of the drops of
seawater bridges the electrical gap. Tf, on the other hand,
the water is emulsified in extremely small droplets, the motor
may still operate, even though dielectric heating and loss of
efficiency may occur. In this came, even though emulsified
water in the imimersion fluid may ultimately lead to motor
failure, the failure is not of the catastrophic type. Present
methods of evaluation of emulsifying ability have not yet been
correlated with performance capability. The limits of emulsi-
fied water in oil and the limits of polar-type emulsifiers have
not been established, nor has the use of nonpolar emulsifiers
been investigated. These considerations are not s3 important
in electrical components other than motors where little agita-
tion occurs.

Material Copatibility

The use of compatible materials in a system which is to
sbe fluod-filld is of prime importance regardless of the fluid

bused. No lltedm should be designed witout considering the
compatibility of the fluid and material. When a fluid is
selected, a list of compatible materials should be compiled
or consulted to determine whether the metals, coatings, insula-
tions, seals. and elastomers in the system are compatible. If
a specific material is required for a particular application,
then the fluid selection must be governed by its compatibility
with that material. Incompatible coatings or elastomers may
cause the formation of sludge in the fluids. System leaks can
develop when incompatible elastomers are used for sealing.
Electrical failures can result from the use of incompatible
fluids and insulatinq materials. Accelerated corrosion usually
results when a fluid is in contact with an incompatible metal.

Volatility and Toxicity

The two related properties require consideration for any
fluid or lubricant application. nearly all volatile materials
pose a certain degree of toxicity, but not all toxic liquid
materials are volatile. The toxicity may be exhibited in
various ways. Volatile materials may affect lungs, bronchi, and
assal pemm•ee either by irritant action, by chemical or solvent
action on tissue, or by forming an inert coating to interfere
with the respiratory process. Toxic liquids in contact with the
skin or eyes cause irritation, destruction of tissue by chemical
action, or dermatitis, in sensitive individuals. Inert liquids
such as silicone oils, which are not considered toxic in the

7I-8 f



I usual sense of the word, present special problems when they get
in the eyes or are inhaled. Their insolubility and immiscibility

I with water make it impossible for body fluids to carry them away.
and in the case of the eye, a condition similar to cataract cani

result. In most cases, fluids and lubricants used in deep sub-

mrgence will be volatile and toxic. Such use, however, will

be in capsules external to the pressure hull of manned vehicles.

The breathing atmospheres of manned habitats will have to be

reviewed, particularly from the standpoint of sources of fluid

vapors or solid lubricant dust. The volatility of all solid and

liquid lubricants should be specified properly for all deep ocean

applications. The effect of pressure should be included since
in most cases volatility increases with pressure.

S Compressibility and Density

ideally a liquid is incompressible, but existing fluuids and
lubricants show 5%-7% decrease in volume in the case of petroleum
fluids, and 8%-13% in the case o.Z silicone-base fluids when they

) are in the pressure range from atmospheric to 20,000 psi. Fluid-
encapsulated systems must be designed to allow sufficient fluid
to ensure that the system components will be lubricated and
protected from the environment in spite of any volume reduction
in the fluid. Compressible iiquid• can cause some operational
sluggishness if they are employed in a hydraulic sastem.

It is desirable to have liquids with a density less than
1.0 gram per cc at atmospheric pressure since this will saveI weight in the system. All of the petroleum oils and most A' the
applicable silicone oils have a density of less than 1.0 at
atmospheric pzessure. The more inert classez of liqu!Js all have
high densities and are not being generally utilized for that
reason. Since ther. is an increase in density with an increare
in pressure and the weight of the fluid head will change, the
circulation rate may decrease for fluids or lubricants which are
pump-circulated. The density as well as the compressibility o!
fluids as a function of both temperature and pressure should be[ considered by vehicle and machinery designers.

Chemical Stability

U The term "chemical etability" is used here to indicate the
ability of a fluid or lubricant to resist oxidative, hydzolytic,

Sor thermal degradation. Failure of a fluid or lubricant to
resist oxidation or hydrolysis creates a hostile environment for
the system components even in the absence of contamination. Such

the
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breakdown results In the formation of sludge and fluid viscosity
changes which can promote wear and impair system operation. III
the case of oxidation or hydrolysis, organic acids are forried
which can be corrosive to system metals. Such breakdown of
fluids and lubricar.ts is considered nonral and likely to occui
in any type of service to various degree,;. The problem of arcs
caused by the make and break of electrical contacts has alrea&iv
been discussed under dielectric properties. uinder high pr.s,;n,
and high current densities an electric arl' will cause the ftori
tion of large particles of carbon and silica. In some cases
these particles bridge the gap between *lectrical contacts pre-
venting complete interruption of the circuit.

All fluids (hydrocarbons and silicones) tested thus far
under electrical arcing also produce gaseous decomposition
products. The accumulation of gaseous products in a pressure
compensator, under submerged conditions, presents the problem
of possible rupture of compensating chamber walls, or flexible
membranes, on surfacing. Since sizable quantities of gas have
been observed under experimental conditions, a means of safely
bleeding off gases while surfacing will be required.

Accurate figures on the rate of gas production under variois
arcing conditions are not available.

Oxidation resistance, arc-breakdown resistance, and thermal-
breakdown resistance tests and standards have not been develooed
to provide selection criLeria for fluids and lubricants.

Fire Resistance

Fire hazards exist in hydraulic systems, air compressor
systems, and fluid-lubricated systems which are located inside
the pressure hull of a sumnersible, in such cases care must be
taken to eliminate air from the system-and prevent overheating
to reduce the fire hazard. Care must always be taken to prevent
fire while draining or filling any system using a combustible
fluid. Thi low viscosity fluids for deep submersibles arv ,-
readily ignited than the fluids used on surface ships and con-
ventional submarines; greater precautions must be taken to Dre-
vent ignition. Petroleum oils and silicone oils are both rela-
tively easily ignited. Fluids with flash points below NOC* F
should be treated with extreme care. Suitable published pre-
cautions should be observed. The "ore fire-resistant fluids
wnd lubricants are among the inert fluids havinq densities wh"°h
are too high for consid-kration.
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Cost and Availability

I The small volume and specialized nature of the deep ocean
systems have caused the designers to consider the cost factorI of fluids as secondary. Fluid availability has been the princi-
pal consideration. The petroleum-based fluids are usually
readily available and procurable in drum quantities at a reason-
able cost. The specially purified aerospace oils are moderately
expensive. If and when fluid cost becomes a problem, the use of
the relatively expensive silicone fluids will have to be limitedg to critical application. Specially developed new fluids will
be expensive due to high development and testing costs and
because the limited market for deep ocean applications at the
present time will not encourage large volume production and com-
petition which tend to reduce costs.

This chapter has attempted to define and dircuss the factors
involved in the use of fluids and lubricants in deep ocean app]i-
cations. At the time of writing, the above selection and defini-¶I tions of the critical properties are those which appear to be
the mal- factors to consider in the selection of a fluid or
lubric,.it for use in a deep ocean application. It is the intentp tc revise this handbook on an annual basis. When it is estab-
lishod that a now consideration is needed, it will be added. As
items prove to be noncritical they will be deleted.

ri
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[ CHAPTER II

[1METHODS FOR ESTABLISHING FLUID PROPERTIES

The methods described in this chapter have all been devel-
oped especially for the conditions of deep ocean applications,
and sea-water and solid contamination anticipated for fluidsg and lubricants in deep ocean equipment. These methods are in
various states of development, and as yet limits have not been
established for all methods. Ratings in some cases are still

Sj on a comparative basis. Standard methods, such as those
described by the American Society for Testing and Materials
(ASTM), Federal Test Method Standard No. 791a, and the SocietyB of Automotive Engineers (SAE) Aerospace Recommended Practices
(ARP), are not described in this chapter. Procedures described
in detail by other reports will be referenced when data areb presented in Chapter III. The methods described in this chapter
are tentative and may have published counterparts which would
be preferable. The results of these methods will be comparedB with the published methods in the future if any are found to
exist. All methods and data will be reviewed periodically and
replaced or updated in subsequent revisions.

BJ
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CORROSION AND COMPATIBILITY PROCEDURES

Cl. Ambient Pressure Stirred Corrosion Procedure

Scope - This method conducted at atmospheric pressure is intended
to measure the relative protection provided by fluids and lubri-
cants to metals and alloys used in deep submergence components
when exposed to contamination by seawater.

Outline of Method - A sample of oil in a glass beaker is brought

to a predetermined temperature in an oil bath. Corrosion speci-

mens isolated from each other are mcounted on a metal rod which

is then stirred in test oil. Seawater is added to the test oil.

After the desired exposure period, the specimens are cleaned,

dried, weighed, and photographed to measure degree of corrosion.

Apparatus

a. The heating bath, stirring motor and assembly, beaker

and beaker cover are the same as those used in ASTM (Method)
D-665.

b. A 304 stainless steel rod, 9 1/2 inc:hes long and 1/4
inch in diameter, with 4 1/2 inches of 1/4-inch 20 threads in
one end is substituted for the ASTM D-665 stirrer. Stainless

steel nuts (304) (1/4-inch 20) are used to hold specimens on

the rod.

c. Spacers for specimens shall be made of polytetrafluoro-
ethylene (PTFE). They shall be cut from 1/4-inch inside diameter

(ID), 3/8-inch outside diameter (OD) tubing and shall be 1/8 inch

thick.

d. Corrosion specimens shall be 1 x 1 x 0.032 inch with
a 1/4-inch hole in the center. The specimens shall have a

ftiish (before polishing) conforming to Federal Test Method
Standard No. 791a, Method 5308.4. The specimen shall be of

any alloy or metal used in the deep submergence components.

Those used by NAVSHIPRANDLAB, Annapolis are shown in Figure 1.

A typical specimen rod assembly is shown in Figure 2.
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

i'
STEEL, Stainless, Type 316

AUMINUM 6061, Specification QQ.A-250-1l

COPPER-NICKEL, 70-30, Specifications
!j MIL-C-15726 or MIL-T-00/6420

STEEL, QQ-S-698, Grade 1009

ALUMINUM, QQ.A-250-4b

COPPER, QO-C-576a

NICKEL-COPPER, QQ-N-281, Class A, Monel 400

BRONZE, MIL-B-16541A(wEP) (1/16 inch thick)

PHOSPHOR-BRONZE, QQ-'I-750, Composition A

SILVER BASE BRAZING ALLOY, MIL-B-15395A,
Grade IV

STEEL, Galvanized, Electrodeposited,
QQ-Z-325A, Type II, Class I

Specification *for Items Above

"Metal Specimens, 1 x 1 x 0.032 inch with a
1/4-inch hole in center, finish to conform
to that given in Federal Test Method
Standard No. 791a, Method 5308.4

Figure 1 (Cl)
Specimens Used
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NAVAL SHIlP RESEARCHL AND) LDl*VE1.0LMENT1' IJBORATORY

1-Copper -S~eel'10 0:)

2 - 7ý16 Stairnless Steel. Aluminum, QQ-A-25)0-11
A- Copper-Nickel, '(O--'O -Bronze

4 - Aluminup'. 0Q-A-2ý30-14b 10 - r'¶ne-I

5 - Phosphor, Brunz'e 11 - Silver B~ase Brazingj Alloy

6 - Galvanized Steel

Figure 2 (CI)
Typical Specimen Rod Assembly

1I1-4



Materials
Maa. Naphtha solvent conforming to ASTM-D-91 method.

b. Freon TF solvent-trichlorotrlfluoroethane obtained from
E. I. du Pont de Nemours and Company.

jc. Aluminum oxide polishing compound, 150 grit.

d. Seawater, ASTM D-665.

ie. PTFE tape, 1/2-inch wide, Scotch Brand No. 48 obtained
from Minnesota Mining and Manufacturing company.

ilf. Typewriter brush, Federal Specification H-B-00681C.

[I Preparation of Corrosion Specimens

a. Handle specimens with disposable polyethylene gloves.

b. Flush wit' naphtha to remove preservatives.

c. Polish with 150 grit aluminum oxide powder on medicinal
cotton wads (do not polish plated specimens).

i d. Make polish strokes in one direction.

e. Turn specimen 900 and polish until previous polish

U marks are removed.

f. Brush with camel hair brush.

i.I g. Use wash bo t tle to flush specimens with jet of naphtha
then with Freon TF.

h. Air dry and place in desiccator.

i. Weigh on semimicrobalance; record weight to 0.00001 gram.

Procedure

U a. Place 270-mi test oil in a clean beaker. Heat in an

oil bath to 1o40 F.

b. Clean the specimen rod with soap and water, then with
distilled water and oven dry at 220* F.

11-5
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c. Wrap the rod with MFE tape to insulate from specimens.

d. Assemble specimens as shown in FigLres 1 and 2. Use
clean polyethylene gloves to handle specimens and rod. Separate
specimens from each other and end nuts using the PTFE spacers.
Secure with nuts on both ends.

e. Insert the rod assembly in stirring device with speci-
mens in oil and beaker cover in place.

f. Stir for 1 hour.

g. Add 30-ml ASTh D-665 seawater while stirring. Plug
excess holes in the cover with inert material, such as glass
plugs.

h. Inspect the fluid level daily and add distilled water
to make up for losses by evaporat:ion.

i. At the end of the test period remove specimens and
store in naphtha prior to cleaning.

j. Clean the specimens by successive flushes with naphtha
and brushing with a naphtha-wet typewriter brush.

k. Make a final flush with Freon TF; then place the speci-
mens in a desiccator to condition prior to weighing.

1. Record weight changes and changes in appearance of
specimens by written descriptions a~d photographs.
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C2. 20,000 PSIG Pressure-Cycled Compatibility Procedure

* Scope - This method is intended to measure the effects of cycled-
pressure on deep submergence fluid compatibility with materials
of construction.

Outline of Method - A high-pressure reaction vessel, filled
with a temperature- and pressure-transfer oil, is brought to a
test temperature of 140i F. A test cell consisting of metallic
or nonmetallic compatibility specimens immersed in the oil being
studied contained in a PTFE bag is immersed in the transfer oil.
The reaction vessel is closed. The maximum selected test pres-
sure is applied to test assembly via the transfer oil and then
returned to ambient pressure over a 30-minute cycle. The test
temperature and pressure cycling are maintained throughout the
test period (usually 30 days). At the end of the test, speci-
mens and fluid are examined for evidence of physical and chemical
changes and performance properties.

Apparatus

a. Reaction vessel - The reaction vessel shall have 4-inch
ID and 16-inch useful height. It shall have a 3300-ml capacity.
The top shall have fluid inlet and outlet ports and a therro-
couple well.

b. Test cell - The fluid specimens are contained in a
PTFE cylindrical bag (3-inch ID, 8-inch-long) with 304 stainless
steel end closures. (See Figure 1.)

c. Specimen holder - The specimen holder shall be of any
design suitable to hold specimens in fluid with ample space
between specimens and between test cell wall and specimens. It
shall be of 304 stainless steel. A typical holder for metal
specimens is shown in Figure 2.

d. Spacers - The spacers shall be made of either 304
stainless steel or PTFE. They shall be cut from 1/4-inch ID,
3/8-inch OD tubing and shall be 1/8 inch thick.

e. Constant-temperature bath - The constant-temperature bath
shall contain MS 2190-TEP petroleum oil as the heating medium.
It shall be designed to permit immersion of the reaction vessel
up to the lower rim of the locking nut. The bath shall be capable
of maintaining the vessel and transfer oil at any tomperature
between 100* and 2506±2* F. During pressure cycles, the test oil
temperature varies, for example, at the selected pressure trans-
fer oil temperature will vary from the set temperature of 140* F,
as the pressure is released and applied, from 125" to 155" F.
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

Figure 1 (C2)

Tost Cell
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"NAVAL SHIP RESEARCH AND DEVELOPM4ENT LABORATORY

7,t

.4,•

Figure 2 (c2)
Typical Metal Specimen Holder
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f. Pressure supply - The pressure shall be supplied by a
high-pressure pump, such as a 30,000 psig Sprague diaphragm pump,
Model S-216-CPR-30. All tubing and fittings shall be high-
pressure 304 or 316 stainless steel. The pump controls shall be
capable of linearly cycling the pressure in the reaction vessel
from 0-20.000 pmig and back to 0 psi over a 30-minute period, with
a variation of t200 psig. A schematic diagram of the pressure
supply is shown in Figure 3.

g. Recording potentiometer - A recording potentiometer
capable of recording oil tempeiratures from 100* to 250"t2 F
shall be used.

h. Specimens

(1) Metal specimens shall be of any deep submergence
alloy or metal to be studied. The size shall ba 1 x 1 x 0.032
inch with a 1/4-inch hole in tOe center. The specimqns shall
have a finish (before polishing) conforming to Federal Test
Method Standard No. 791a, Method 5308.4. The metals used by
NAVSHIPRANDLAB Annapolis are given in Figure 4.

(2) Nonmetallic specimens shall be of any deep submer-
gence elastomer, plastic, or insulating material contacting
fluids of interest. Where possible, specimens shall be pre-
pared in a Type C dumbbell shape as in ASTH D-412-66.

Materials

a. Naphtha solvent, conforming to ASTM D-91 method.

b. Freon TF solvent, trichlorotrifluoroethane, E. I.
du Pont de Nesours and Company.

c. Aluminum oxide polishing compound. 150 grit.

d. Seawater, ASTM D-665.

e. PTFE tape, l/2-inch-wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00681C.

g. Temperature and pressur" transfer oil - MIL-L-17331.
MS 2190-TEP.
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F NAVAL SHIP RESMIYCH AID DMELOPBNT L[ADORATORY

1 A - Air Driven Ptap (rated 30,0,0 psig) H' - Check-Valve (10 psiq working
& - Pum reservoir (capacity 3 gatlons) pressure)
C - Rupture Assembly (set 22.500 psig I - Solenoid Valve (110 vac)
D - Pressure gage (25.000 paig) J - 8led-vown Sump (I quart)
E - Air Operated, Flow Control Valve K - Support Stand (30 x 36 x

(50,000 psig) 40 inche.)
F - Prminstic ladicating Controller L - Heated Oil Sat'• (20 qallons,

(100 paig) 140" F, 2110-TEP)
G - Microset Hand Valve K - ReactLon Vessel (33UO-ml,
H - Check-Valve (40 peig working rated 30,000 psig at 125° F)

pressure) N - Thermocouple

All hiqh-pressure tubing - 1/•-inch 00, 1/16- or 3/32-inch ID, rated
60.000 paig.
All valves. toes. elbows - rated 3,0OOOpsig (superpressure).

Auxiliary Eq.uipnt (aot Shown)

High-Speed Rath Stirrer
zImersion heaters (150 watts)

iBath Temperature Control
Recording Potent ioeter
Air Operated Cycling Device
Electric Timer
Air Filters, Regulators. etc

NU _--_ --- ______

cii
B Li _

ig•are 3 (C2) . Cycling Unit
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

STEEL, Stainless, Type 316

ALUMINUM 6061, Specification 00-A-250-11

COPPER-NICKEL, 70-30, Specifications
MIL-C-15726 or MIL-T-O0/6420

STEEL, QQ-S-698, Grade 1009

ALUMINUM, QQ-A .5-.50 *

COPPER, 00-C-576a

NICKEL-COPPER, QQ-N-281, Class A, Monel 400

BRONZE, MIL-B-16541A(WEP) (1/16 inch thick)

PHOSPHOR-BRONZE, QQ-B-750, Composition A

SILVER BASE BRAZING ALLOY, MIL-B-15395A,
Grade IV

STEEL, Galvanized, Electrodeposited,
QQ-Z-3?5A, Type II. Class I

Specifications for Items Above

Metal Specimens, 1 x 1 x 0.032 inch with a
1/4-inch hole in center, finish to conform
to that given in Federal Test Method
Standard No. 791a. Method 5308.4

Figure 4 (C2)
Metal Specimens Used
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preparation of Sample Container and 1pecimen Holder

[a. The PMlE bag, end pieces,.and specimen holder shall be
successively washed with ASYM D-91 naphtha, scap and water, and
distilled waterl then oven dried at 140i F.

preparation of Specimens

a. Metallic specimens staall be 'cleaned, polished, and
weighed as in the "Ambient Pressure Stirred Corrosion Procedure,"
Method Cl.

b. Nonmetallic specimens shall be prepared, cleaned, and

volume measured as in ASTM D-471-66.

c. ihe specimens shall be attached to the specimen holder
wo as to provide space between the individual specimens and also
between the specimenn and the wall of test cell so that all
parts of specimen are flooded by test fluid. Where insulated
metallic specimens are used, the order of assembly shall be as
given in Method Cl. When metallic couples also are to be
studied, the order of assembly shall be as shown in Method C4
("20,000 1G Stirred Corrosion Procedure"), except that the

[3 insulated specimens shall be placed on the specimen holder
above the coupled specimens.

U Procedure

§ U a. Bring reaction vessel and transfer of oil to test
temperature.

b. Assembly of test cell.

(1) The PTFE bag is fitted into the bottom and top
F closures.

(2) The specimen assembly is in3erted into the bag
tthrough a removable part of top closure placed on the bag.

(3) The cell is filled with 825 ml of test fluid
f) through the top port, taking care to purge out the air. The top
Ui port is closed.

(4) Get the total weight of the test cell. The test
cell is again weighed after the test period. The weights are
obtained to determine whether the test cell leaked during the

23 test.
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c. Place the test assembly in the reaction vessel in
transfer oil.

d. If sea-water contaminant is to be used, allow the test
cell to remain in the reaction vessel for 1 hour. Then remove
the test cell from the reaction vessel and add seawater through
the top port. Close the top port and return the test cell to
the reaction vessel.

e. Close the reaction vessel, placing the thermocouple end
at the top of the test cell.

f. Add sufficient additional transfer oil to finish filling
the reaction vessel and purging out the air. Close the reaction
vessel.

g. Begin pressure cycling and maintain pressure cycling
and test temperature for the test period.

h. At the end of the test period remove the test cell.

i. Separate the specimens and the test oil.

J. Measure the properties of the test oil to detect changes
(viscosity, acid content, density, metal content, etc).

k. Measure changes in the specimens.

(1) Clean and weigh the metal specimens as in Method Cl.

(2) Determine volume, hardness, tensile strength, and
elongation changes in the nonmetallic specimens as in ASTM D-471-
66.

ix1



L C3. 20.000 PSIG Static Compatibility Procedure

S e- This method is intended to measure the effects of pres-
sure on deep submergence fluid-material compatibility.

} Outline of Metiod - A high-pressure reaction vessel, filled with
a temperature-pressure transfer oil, is brought to a test temp-
erature of 140* F. A test cell, consisting of metallic or non-

i l metallic compatibility specimens immersed in the oil being

studied contained in a PTFE bag, is immersed in the transfer oil.
The reaction vessel is closed, and the test pressure, 20,000 psig
maximum, is applied to the contents of the reaction vessel.
Temperature and pressure are maintained constant throughout the
test period. At the end of the test the specimens and the

S1 fluid are examined for evidence of physical and chemical changes
and performance properties.

Apparatus

a. Reaction vessel - The reaction vessel shall have a
L 3 I/2-inch ID and a 12-inch useful height. It shall have approx-

imately a 2000-ml capacity. The top shall have fluid inlet and
outlet ports and a thermocouple well.

b. Test cell - The fluid and specimens are contained in a
PTFE cylindrical bag with 304 stainless steel end closures as
shown in Figure 1.

c. Specimen holder - The specimen holder shall be of any

design ouitable to hold specimens in the fluid with ample space
between r3pecimens and between the test cell wall and specimens.

r It shall be ot 304 stainless steel. A typical holder for metal
Lj specimens is shown in Figure 2.

d. Spacers - Spacers shall be made of either 304 stain-
less steel or PTFE. They shall be cut from 1/4-inch ID, 3/8-
inch OD tubing and shall be 1/8-inch-thick.

U e. Constant-temperature bath - The constant-temperature
bath shall 'contain MS 2190-TEP petroleum oil as heating medium.

, it shall be designed to permit immersion of the reaction vessel
up to the lower rim of the locking nut. The bath shall be
capable of maintaining the vessel and tranfer oil at any tamp-J erature between 100° and 250°±12 F.
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Figure 1 (c3)
Test Cell
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f. Pressure supply - The pressure shall be supplied by a
higb-pressure pump, such as a 30,000 peig Sprague diaphragm pump,
N0601 8-216-CPR-300. All tubing and fittings shall be high-
pressure 304 or 316 stainless steel. The pump shall be capable
of maintaining the test oil at 0-20,000t25 psig. A schematic of
the system is shown in Figure 3.

9. Recording potenticmeter - A recording potentiometer
capable of recording oil temperatures from 100*-250"±±2* F shall
be used.

h. Specimens

(1) Metallic specimens shall be of any deep submer-
gence alloy or metal to be studied. The size shall be 1 x 1 x
0.032 inch with a 1/4-inch hole in the center. The specimens
shall have a finish (before polishing) conforming to Federal

Test Method Standard No. 791a, Method 5308.4. The metals used
by RMVSHIPRA)LAB, Annapolis are given in Figure 4.

(2) The nornetallic specimens shall be of any deep
submergence elastomer, plastic, or insulating material contacting
fluids. Where possible, specimens shall be prepared in a Type C
dumbbell shape as in ASTM D-412-66.

Materials

a. Naphtha solvent, conforming to ASTh D-91.

b. Freon TF solvent, trichlorotrifluoroethane, E. I. du
Pont de Nemours and Company.

c. Aluminum oxide polishing compound, 150 grit.

d. Seawater, ASTh D-665.

e. PTFE tape, 1/2-inch-wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00681C.

g. Temperature and pressure transfer oil MIL-L-17331,
NS 2190-TEP.
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[INhVAL SNIP NSKUCU AM DlVWPNEWr IADOPATORY

A - Air Driven Pu"p (rated 30.000 paig) G - Support Stand (30 x 36 x
3 - Pump Reservoir (capacity 3 gallons) 40 inches)
C - Pressure Generator (30.000 peig) H - Heated Oil Bath (20 gallons.

11 cc) 1*0 F. 2190-TEP)
D Pressure Gage (25.000 paei) I - Reaction Vessel (2000-ml.
a3 - Rupture Assembly get (22.000 peig) rated 30.000 psig at 125" F)
F - fluid Separator (M25 cc. 30.000 J - Thermocouple

pisg at 72* F)

All tubing - 1/A-inch OD. 1/16- or 3/32-inch ID, rated 60,000 psig.
All valves, toes, elbows - rated 30,000 psiyi.
All connections use superpressure fittings.

Auxiliary quipmt (Not Shown)

IHigh-Speed Bath Stirrer
Immersion Heaters (1500 watts maximum)
Bath Temperature Control
Recording Potentiometer

ri Air Lines. Filters, Pressure Regulators, etc

L D

U

LI_ [1/

1Figure 3 (C3) - 20.000 PSIG Static rest Unit
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S113L. Stainless. Type 316

F ALU6nXt 6061, Specification QQ-A-250-11
COP•IR40CL. 0T-30, Spec..fications

HIL-C-15726 or NIL-T-Oo/6m2O

ST• L. 008-698. Grade 1009

ALmimm. QQ-A.-25o-4 b

COMu. 00-c -576a

.4�. NCKEL-COPPER, QQ-N-281, Class A, Monl 400

BROHZ3, MIL-B-1651 4]A(WEP) (1/16 inch thick) tJ

SF PUOSPUOR-BROMZB, 00-B-750, Composition A

SILVIR BASE BRAZING ALLOY, MIL-B-15395A,

Grade IV

STEEL, Galvanized, Electrodeposited,

QO-Z-325A. Type II. Class I

S• • I Smeif ications for items Above

Metal Specimens, 1 x 1 x 0.032 inch with a
1/JI-inch hole in center, finish to confom
to that given in Federal Test Method
Standard No. 791a, method 5508.4

Figure 24 (C3)
Metal Specimens UsedU

:i[I
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il Preparation of Samle Container and Specimen Holder

I a. The PT7F bag, end pieces, and specimen holder shall be
washed with ASIK D-91 naphtha, soap and water, distilled water,
and oven-dried at 140* F.

Preparation of Specimen.

a. Metallic specimens shall be cleaned, polished, and
weighed as in "Ambient Pressure Stirred Corrosion Procedure,"Method Cl.

b. Nonmetallic specimens shall be prepared, cleaned, and
volume measured as in ASTl Method D-471-66.

c. The specimens shall be attached to the specimen holder
so as to provide space between specimens, and between the speci-
smen and the wall of the test cell so that all parts of the
specimen are flooded with the fluid. Where insulated metallic
specimens are used, the order of assembly shall be as given in
Method Cl. When matallic couples also are to be studied the
order of assembly shall be as shown in the "20,000 StirredD Corrosion Procedure," Method C4. except that the insulated- speci-
mens shall be placed on the specimen holder above the coupled
specimens.

Procedure

a. Bring reaction vessel and transfer oil to test tempera-
ture.

b. Assembly of test cell.

(1) Fit PTFE bag into the boLto;.• and top closures.

] (2) Insert the specimen assembly into the bag through
removable part of the top closure placed on the bag.

B (3) Fill the cell with 825 ml of test fluid through
the top port, taking care to purge out the air. Close the topB port.

(4) Determine the total weight of the test cell. This
is done to determine if the cell leaks during test. The test
cell weight is again measured after the test period.
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c. Place the tet assembly in the reaction vessel in
traster oil.

d. If sea-water contaminant is to be used, allow the test
cell to remair. in the reaction vessel for 1 hour. Then remove
the test cell frm the reaction vessel and add seawater through
the top port. Close the top port and return the test cell to
the reaction vessel.

e. Close the reaction vessel, placing the thermocouple end
at the top of the test cell.

f. Add sufficient additional transfer oil to fill the
reaction vessel and purge out the air and close the vessel..

g. Bring the system to test pressure, Maintain constant
pressure and temperature throughout the test.

h. At the end of the test period remove the test cell from
the reaction vessel and ieparate the specimens and the testfluid.

i. Measure the properties of the test fluid to detect

changes (viscosity, acid content, density, metal content, etc).

j. Measure changes in the specimens.

(1) Clean, weigh, and photograph the specimens as in
Method C2 ("20,000 PSIG Pressure-Cycled Compatibility Procedure').

(2) Determine the volume, hardness, tensile strength,
and elongation changes in the nonmetallic specimens as in
ASTM D-471-66.

N.1
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I c4. 20,000 PG.Stirred corrosion Procedure

Scv - This method is intended to measure the relative protec-
tion provided to metals and alloys used in deep submergenceB equipment upon contamination with seawater at high ambient
pressures.

Outline of Method - A sample of test oil in brought to a pre-
Nite~in~dtepeature in a high-pressure reaction vessel. A
weighed metal specimen assembly is immersed in the oil, and the
stirrer blade and vessel cover are fitted onto the vessel.
After stirring for a 1-hour conditioning period, the desired
amount of sea-water contaminant is added to the oil. The desired
test pressure is applied to the vessel contents. The test temp-
erature, pressure, and stirring are maintained for a predeter-

Li mined reaction period (usually 30 days). The specimen assembly
is rwcvod from the vessel. The specimens are cleaned, weighed,
and photographed.

Apparatus

"a. Reaction vessel - The reaction vessel shall have a
3 5/8-inch ID and a 13-inch useful height. It shall have a
2100-el capacity and be made of, or completely lined with, a
corrosion resistant alloy, such as Hastelloy C. The stirrer
shall have a speed of 1000>50 rpm. The vessel cover shall have
fluid inlet and outlet ports, thermocouple well, and blowout disk
"assembly.

b. Specimen holder - The specimen holder shall be of 304
stainless steel and of a configuration so that up to 50 speci-
mens are hald between stirrer and wall. Figure 1 shows a
typical holder and specimen array.

c. Constant-temperature bath - The constant-temperature
bath shall contain MS 2190-TEP petroleuxI~ oil as a heating medium.
"It shall be designed to permit the immersion of the reaction
vessel up to the lower rim of the locking nut. The bath shall
be capable of maintaining the test oil at any temperature
"between 1000- ±0*-2o F.

d. Pressure supply - The pressure shall be supplied by a
high-pressure pump, such as a 30,000 psig Sprague diaphragm pump,
Model S-216-CPR-500. All tubing and fittings shall be high-
pressure 34 or 316 stainless steel. The pump shall be capable
of maintaining test oil at 0-20,000±25 psig. A diagra-m of the

- system is shown in Figure 2.
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NAVAL SIU P RESEARCH AND DEVELtPMFNT LABORATORTY

Figure 1 (C4i)

Soecimen Holder and Specimens
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LN NAVAL SHIP PilUl•AC AW) DlVIliP*BUN LANUlPATOY

k - Air D ivon Pump (rated 30, ,OOO puitq) Iji HNead 011 bath (:K) &Illns, 14(" F,

5 - Pump le.evoir (capacity 3 qgallonn) ')10)C.TZP)

C - Pressure Generator (30,O0 polg,.11 cc) I moact tun V016401 (;'1U1-ml.

0 - Pressure Orge (25,)OO0 pmiq) rats.d 5O, )Uv 1,Jiq at 1lY',o r)
E - Rupture Ai•.mbly Set (?.,000 p.ig) J . Themmcoupl.

F - Fluid SeparAtor (3215 cc, 30,000 pt• at K . Martne Prupeller
[•0 F) 1. - prmaloiet .laqiietiv Drivu

G - Support Stand (30 x 36 x 40 inches)

All tubing - 1/i4-inch W0. 1/10. or 3/32-inch IDp ti r "' 000 eOpaijo.

hll valves. tees, elbows - rated 3000epsiq.
All connectionx use superprousure fittinge.

Auxi11liary 3quipment (Not Shown.

High-Sp~od Bath Stirrer
immersion Heaters (1500 watts maximuns)

Bath Temperature Control

Recording Potentiometer
Air Lftes, Filters, Presoure Regulators, etc

LJ

LI

ACC

tj

ri IT-25
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J Figure -2 (C24) - Stirred Reaction V•.rsei for 23,000 PSIc.
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0. J100ont tentiametor - A recording potentimester
ORPeO of rooordiIng all temperatures of lOO.250*2° F shall
be 0ued.

f. corrosion asm no - The corrosion specimens shall be
I z 1I 0.3W i661 W ith a 17/-inch hole in the center. The
speciýme shall have a finish (before polishing) conforming to
Yeisxl Test Method Standard No. 791a, Method 5"08.4. The speci-

esse shall be of any deep submergence alloy or metal to be
studied. Those used by NRVSHIPPANDIAB Annapolis are shown
below.

(1) STEEL, Stainless, Type 316.

(2) ALUMINUM 6061, Specification QQ-A-250-11

(3) COPPER-NICKEL, 70-30, MIL-C-15726 or MIL-T-00/6420.

(4) STEEL, Q0-S-698, Grade 1009.

(5) ALUMINUM, 00-A-250-4b.

(6) COPPER, QQ-C-576a.

(7) NICKEL-COPPER, QQ-N-281, Class A, Monel 400.

(8) BRONZE, MIL-B.-16541A(WEP) (1/16-inch-thick).

(9) PHOSPHOR-BRONZE, 00-B-750, Composition.

(10) SILVER BASE BRAZING ALLOY, MIL-B-15395A, Grade IV.

(11) STEEL, Galvanized, Electrodeposited, QQ-Z-325A,
Type II, Class I.

A typical order of assembly of electrically coupled and insula-
ted specimens in shown in Figure 3.

g. Spacers - Spacers for specimens shall be made of 304
stainless steel and of PTFE. They shall be cut from 1/4--inch
ID, 3/8-inch OD tubing and shall be 1/8-inch-thick.

11-26



NAVAl. SNll P IIEStAIFCtl AND I 'EVE 1.0I'Mh•MENT IJU tI. A 'I'U Y

1/4" 20 S/S ALL THREAD ROD S/S

S/S HEX HEAD NUT

ALUMINUM QQ-A-250/11 COPPER
SgPS/S WAHESA

ALUMM -A-250/4b - COPPER-NICKEL 70-30 (2)(3)
MONELJ NZ (1) _ INSULATED
316 STAINLESS STEEL _ PHOSTEOR-BRONZE OUPLED
SIlVER BASE BRAZING ALLOY - P RL

ALUMINM QQ-A.250/A .,,STEEL 1009
ALUMINUM QU-B-ONZE4
COPPERCOPPER-NICKL 316 STAINLESS STEEL
COPPERONICKEL 70-3 ALUMINUMQQ.A-250/1b (2) (1)(3)
PHOSPHOR-BRONZE - GALVANIZED STEEL INSULATED COUPLED

BRONZE -Z LUMINUMQQ-A-250/11

SilVER BASE BRAZING
ALLOY

(1) 304 STAINLESS STEEL WASHERS USED FOR COUPLING COUPONS
(2) POLYTETRAFLUOROETHYLENE WASHERS USED FOR INSULATION
(3) SPECIMENS IN SAME ORDER AS OTHER ROD

Figure 3 (C4) - Specimen Assembly for Stirred Corrosion Test
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Materials

a. naphtha solvent - conforming to ASTM D-91.

b. Freon TF solvent - trichlorotrifluoroethane, E. I. du
Pont d* Nemours and Company.

c. Aluminum oxide polishing compound, 150 grit.

d. Seawater ASTM D-665.

e. PTFE tape, 1/2-inch-wide, Scotch Brand No. 48,
Minnesota Mining and Manufacturing Company.

f. Typewriter brush, Federal Specification H-B-00681C.

preparation of Apparatus

a. Piping and connections shall be drained free of oil.

b. The internal surfaces of the reaction vessel shall be
wiped clean with lint free rags.

c. The vessel shall be filled with test oil and stirred
for 1 hour, then drained free of oil.

d. Repeat a., b., and c. two additional times.

e. Drain and fill with test oil.

Preparation of Corrosion Specimens

a. Handle specimens with disposable polyethylene gloves.

b. Flush with naphtha to remove preservatives.

c. Polish with 150 grit aluminum oxide powder on medicinal
cotton wads (do not polish plated specimens).

d. Make polishing strokes in one direction.

e. Turn specimen 90° and polish until previous polishing
marks are removed.

9.,

f. Brush with camel hair brush.

g. Use wash bottle to flush specimen with jet of naphtha,
then a jet of Freon TF. I
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h. Air dry and place in desiccator.

Si. Weigh an semimicrobalance, record weight to 0.00001
grem.

I Pr aration of Secimen Holder and Spacers - Specimen holder
an spacers shall be cleaned with naphtha, soap and water,D distilled water and then oven-dried at 14CO F.

Procedure.

U a. Assembly of specimens - Handle the specimens and epeci-
men rack with polyethylene gloves. Wrap the 1/4-inch specimenD rack and rods with PTFE tape to insulate from the specimens.
Place the specimens on rods in desired order, Use two PTFE
spacers to prevent electrolytic contact between the specimens,fl or use two stainless steel spacers to form electrolytic couples
between the specimens. Order of assembly is shown in Figure 3.

b. Add the test oil to the reaction vessel. (The reaction
vessel remains in constant temperature bath at all times.) After
the test oil is at desired temperature, soak the specimen assembly

D in the reaction vessel for 1 hour and securely close the reaction
vessel.

c. Attach the specimen assembly to the cover. Add theU desired amount of seawater. Lower the cover into the vessel.

d. Bleed off the air from the reaction vessel by pumping
in excess oil.

e. Close the valves, pressurize the system, and start the
stirrer.

f. The stirrer may be operated continuously or intermit-
tently, as desired.

5 g. At the end of the test period the pressure is released
and the specimen assembly is removed. The specimens are stored
in naphtha prior to cleaning.

1 h. The specimens are cleaned by successive flushes with
naphtha and brushing with a naphtha-wet typewriter brush.

U
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i. A final flush with Freon TY is made., then the specimens
are placed in a desiccator and weighed to obtain the gain or
loss due to corrosion.

J. Record of changes in the weight and the appearance of
specimen is made by written notes and photographs.
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VM3e~disLtme to esatablish the ability of a
PWOVt CCMIM vm 011tmintedwith saae ne

emii~sof inteinittent aiain

qWUWOd N W Ord ýW atua- The MSTh D-665 method andI ~ ~ ~ I epzta15Used; except as -deac ribed be low.* An ASm D -665,
G~l~h~adstirrer,, paragraph 9b, is used. The specimen is

POIShed 006 attached to the holder using a l/16..inch-thick,
1/2.imfh..iamster P'IV gasket between specimen shoulder andIholder. After the JO-sinut. soaking period, 150 .ii of the
3 -~al fluid s=Wle in removed and 150 ml of seawater is added.
2%e sesaster is added dropwise from a burette while stirring.I b burette top is Just above the surface of the fluid. The
sammtr @hall be added within 30 minutes. The oil and waterU uole is stirred for 15 minutes, once every 214 hours. After
the first 214 hours the specimen in observed for rusting and the
fluid-water emulsion examined for stability; it is then examinedI tw ice weekly during the teat period. Distilled water is added
at these times to make up for water lost: by evaporation. The
test period is 30 days. Quadruplicate determinations will be
saAe. A fluid is considered to have satisfactory rust protection

if three out of four specimens show no rust and no mo re than
light rust is observed on the fourth specimen after 30 days.

UM
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ELECTRICAL PROPERTY MEASUREMENT PROCEDURES

Methods of determining dielectric properties of fluids at
temperatures as low as 28* F and pressures up to 20,000 psig,
particularly as they are affected by seawater and carbon con-
tamination, have not b~en fully developed. The following test
methods, El through E7, are performed at room temper3ture and
atmospheric pressure and are expected to give a good first
approximation of the properties being measured. As these methods
are improved and high pressure methods are developed they will be
added.
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3 1. IRlestivity

[1 - IbiLM method is intended to measure the insulating char-
Ofteristics of a fluid. it determines the value of resistivity

~ of a fluid.

Outline of method and Apparatus - ASTH Method D1169 is used
aexpt an noted below. The fluid sample is placed in a test

cell and resistivity measured with a General Radio Type lIA
mego bridge or equivalent. The test cell may be any one of
three cells described in Figure 2, 3, or 4 of the appendix to
AM D120 (Specific Resistance of Electrical Insulating Liquids).
The temperature of the fluid is held between 65*-85 F and
preferably 7t2e F. Resistivity is recorded as ohm.cm at *F.
A tentative standard of acceptable resistivity for dielectric
fluids has been set at 3.0 x li0$ ohm-cm. minimum.
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N2. Dissipation Factor

Sco - This method is intended an a measure which will be
1 in predicting decreases in the efficiency of fluid

immersed electrical equipment due to electrical energy losses
through a fluid in an electric field in a nonsinusoidal a-c
syst&,,. Specifically, the method measures the loss angle of a
fluid filled cell on a capacitance bridge.

outline of Method and Apparatus - The fluid sample is placed in
a test cell of the type referred to under Test Met6od El,
"Resistivity". Dissipation factor is measured with a General
Radio Type 1615 or 1617 capacitance bridge or the equivalent of
either or these. The temperature of the fluid is held between
65*-850 F and preferably 77t2* P. Dissipation factor is
recorded as percent at OF. A tentative standard of acceptable
dissipation factor for dielectric fluids has been set at 5.0%,
maximum.
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3. Dielectric Breakdown Voltaje

S - This method is intended to measure the ability of a
fluid to wihstand electrical stress. It determines the voltage
at which breakdown occurs between two electrodes under prescribed
conditions.

OutO tline of Method and Apparatus - ASTh D871 is used, with the

following exceptions.

a. The electrode spacing is 0.0500.001 inch.

b. voltage rise rate is 600 volts per second ±20%.

C. Five separate readings are taken on the same sample,
with a -aminute wait between readings. The result is reported
as the average of the five readings, in kilovolts.

d. The temperature of the fluid sample should be between
650-85* F and preferably 77±2° F. The temperature of the fluid
is recorded. A convenient single package instrument for this
test is a Model 4507 "Oil Testing Hypot" manufactured by
Associated Research, incorp>orated, Chicago, Illinois. A tenta-
tive standard of acceptable dielectric breakdown voltage for
dielectric fluids has been set at 15.0 kv, minimum, at a 0.05-
inch electrode gap.



E4. Stability of Sawater - Fluid Emulsions

So - This method describes a procedure for determining the
stability of water dispersed in a pressure-compensating fluid in
order to estimate fluid utility for electrical equipment service.

Outline of Method - Oil (100 ml) and synthetic seawater (10 ml)
are stirred for 15 minutes and transferred to a 100-ml qraduatei
cylinder. The time required for separation of synthetic sea-
water from the compersating fluid is reccrdea.

Apparatus

a. Beaker, 250 ml.

b. M1Vhanical stirrer as described in ASTM Di-,(9 or
equivalent.

c. Buret, 25 ml.

d. Cylinder, graduated, 100 ml in 1-ml increments.

e. Volt-ohlnmeter capable of measuring 1 megohm and less.

Procedure

a. Measure 100 ml if the test fluid into a 250-mi beaker.

b. Add 10 ml of synthetic seawater (SSW), prepared accord-
ing to ASTM D665 (IP 135), drcpwise, with stirring.

c. Stir the mixture vigorously with a mechanical stirrer,
for 15 minutes.

d. Stop the mixing and transfer the mixture immediately
to a 100-ml graduat-d (91ass) cylinder. This latr,-r step sliould
require about 10-20 seconds. (At this point the mixture may
have completely separated into two layers, or it may be a milkv
emul.- ion.)

e, The time require for separation of a small quantity
(1/2 ml or less) of SSW is now measured as follows: Iwo bare
1/16-inch-diameter copper wires, connected to a volt-ohmzmeter,
are inserted into the graduated cylinder, t-,uchinq the bottom
of the cylinder. The wires are kept 1/4 to 1. 2 inch apart
Separation of SSW is indicated when resistance across the w:res
drop to less than 0.1 megohm.
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f. Stabilitv of the emulsion is recorded as the time
required for the separation of synthetic seawater, as descrilwd
in e. The fluid is classified accordinj to time required for
separation. A tentative standard is as follows:

Time Required for
Classification Water Separation

A. Suitable for use with 5 minutes or more
motors

B. Questionable for use 1-5 minutes
with motors

C. Uns'uitable for use with <1 minute
motors

D. Suitable for contactors, No emulsion stability
switches, etc requirement
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E5. Changes in Dielectric Properties Hestult iiij t i",,1 Sea-..t I
ContaminatPion

Scope - This method describes the pI.td.•x>t Wjo U ( -) Ii1lf t U

determine the effect of sea-water cuntdmjiri oa idt , oii tt el, tU ti I I

properties of fluids as determined by MettLods 1-:1, L,2, and d.

oi.t Line ot Method - '-Tlie wethods desc i ,t i n K I , ', ,iJ "
used to measure the changes irn dieIu: i i p i (jlwUJ t I ,s t,L,
by contamination with SSW. The effects ol three conelnti it jf S

0.1%, 0.5%, and 2.0%,are measured.

Procedure

a. 0.1% SSW - To 400 ml of the test fluid, 0.4 ml of bSt'V
is added dropwise, with stirring. The mixture is stirred vi,,i-
ous!y with a mechanical stirrer (ASTM D14'(9) for 15 minutes,
then it is allowed to stand for 5 minutes. The required sample
is carefully poured (to avoid pouring out any settled water)
into the appropriate test cell. Resistivity and dissipation
factor are measured per Test Methods El and E2. The sample iý.
then recombined with the remaining portion and the mixture is
stirred vigorously for 5 minutes more. A 100-ml sample is
removed, and dielectric breakdown voltage is measured per lest
Procedure E3. The 100-mi sample is then discarded.

b. 0.5% SSW - The procedure of a. is repeated, except add
1.2 ml of SSW to the 300 ml of liquid remaining from a.

c. 2.0% SSW - The procedure of a. is repeated, except aidd
3.0 ml of SSW to the 200 ml of liquid remaining from a.

Results are reported as resistivity, dissipation factoL,
and dielectric breakdown voltage at the three levels of SSW
contamination.
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E6. Changes in Dielectric Properties Resulting from Carbon
Contamination

Scope - This method describes the preparation of samples to
determine the effect of fluid contamination by finely divided
carbon on the electrical properties as detemined by Methods El,
E2, and E3.

Outline of Methoc - The methods described in El, E2, and E3 are
used to measure the changes in dielectric properties brought
about by contamination by finely divided carbon which simulates
brush wear or fluid degradation. The effects of three concen-
trations, 0.1%, 0.25%, and 0.50%, are measured.

Procedure

a. 0.1% carbon - To 250 ml of test flUid is added 0.025
gram of "Eagle" brand lamp black, manufactured by Columbian
Carbon Company, New York, New York. while stirring (ASTM D1479
stir er). After all the lampblack has been wetted by the fluid,
stirring is continued vigorously for 15 minutes. Resistivity,
dissipation factor, and dielectric breakdown voltage are measured
on the test mixture. The sample used for the dielectric
measurements (approximately 100 ml) is recombined with the
remaining material prior to Step b.

b. 0.25% carbon - To the 250-ml mixture of Step a.,
0.0375-gram additional lampblack is added, with stirring, and
stirring is continued for 15 minutes. The procedure of Step a.
is then repeated.

c. 0.50% carbon - Additional lampblack (0.0625-gram) is
added and Step b. repeated.

Results are reported as resistivity, dissipation factor,
and dielectric breakdown voltage at the three levels of carbon
contamination.
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El. Effects of Electrical Arcing on Fluids

Scope - Tbhs method determines the ability of a fluid to with-

stand the effects of electric arc discharge.

Outline of Method - The fluid is subjected to a series of arcs
at a specified rate, and the electrical properties are measured
by Methods El, E2, and E3 to determine fluid property changes.

Apparatus - In addition to the apparatus required for Methods
El-E3, the following are required:

a. Guardian Manufacturing Company Type 2110V double-pole/
single-throw, normally open (D.P.S.T., N.O.) relay with silver
cadmium contacts.

b. Millipore membrane filter, diameter 47-mm pore size
0.8-micrometer or equivalent , as described in Si E Aerospace
Recommended Practice, ARP 785.

c. Power supply, 90-volt open circuit, 10-ampere closed
circuit.

d. Counter capable of recording 50,000 operations.

Procedure

a. The testing is carried out with a Guardian Manufacturing
Company Type 2110V D.P.S.T., N.O. relay having silver-cadmium
contacts. The outer covering of the coil and the adhesive
material are first remcoved and the coil recoated with RTV sili..
cone rubber, to minimize interaction with the test fluid.

b. The cleaned relay is immersed in 400 ml of the test
fluid at the desired test temperature. The fluid is subjected
to 50,000 arcs (1 arc = 1 make + 1 break of the contacts) under
a primarily resistive load with an open-circuit voltage of
90 volts and a closed-circuit current of 10 amperes. The rate
of arcing is 5 to 10 arcs per minute. If the contacts fail, as
indicated by arcing when closed, before 50,000 operations, they
must be replaced.

c. The following are measured and reported as indicated:

(1) Resistivity, dissipation factor, and dielectric
breakdown voltage (see Test Methods El-E3) initially and after

50,000 arcs.
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(2) The amoun, ct solid products generated is measured

gravy'etrically by the method described in SAE Aerospace Recom-

mended Practice, ARP 785. The weight is reported in milligjrams

in total sample.

(3) The measurements of (1) are repeated on the

filtered fluid.

NOTE: This test is to be revised when more experience is gaineQ

at highzr current values,
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ES. Life of contacts in the Fluid under Pressire

SLope - This method determines the effect of fluid immieigsion on

relay contacts subjected to high pressure.

Outline of Method - A relay is operAted immerscd in fluid under
6000 psi pressure to the point of failure of the electrical
contacts.

Apparatus - In addition to the apparatus required for Method E',
the following will be required:

a. Cylindrical PTFE or polyethylene container capable of
containing relay immersed in fluid.

b. Pressure vessel to pressurize fluid and relay to 6000
psi with electrical connections for relay operation :inder
pressure.

c. Counter to record number of cycles to failure.

d. Power supply capable of 50 volts open circuit,
10 amperes closed circuit.

Procedure

a. The test device used is the same as that described
under Method E'(, a. The relay is mounted inside a test cell
having a cylindrical thin PTFE or polyethylene wall. The volume
of fluid used is not critical.

b. The test cell is pressurized to 6000 psi. Arcing is
then carried out a rate of five to ten operations (makes and
breaks) per minute, to the failure point. A primarily resistive
load is used, with an open-circuit voltage of 50 volts and a
closed-circuit current of 10 amperes. Failure normally occurs
by a buildup of solid products between contact surfaces, pre-
venting circuit interruption when contacts are in the open
po3ition.

c. Since contact life varies randomly over a wide range a
minimum of ten tests is desirable and the spread as well as the
average value are to be eported.

NOTE: This test is to be revised when more experience is gained
at higher currents and higher pressures.
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CHAPTER 111

FLUID AND LUBRICANT PROPERTY VALUES, APPLICATIONS AND LIMITkTIONS

This chapter provides available physical and chemical prop-
erties of fluids, suggested applications, and possible )imita-
tions of fluids for (ieI•) submergence v,.hjicles. Where known, the
estimated fluid cost. is jiven. The tabl,:; have been prepared t-o
provide for the addition of properties, when available, and of
other fluids as they become known and applications warrant.

The possible limitations are given as a warning so that
particular attention will be focuscl on any fluid property weak-
ness. Theve limitations are based on general use of the fluid
for all types of applications in a deep ocean environment.

Careful design and selection of system components may per-
mit the use of a fluid or lubricant which would be unacceptable
by the usual standards. This handbook does not consider the
exceptions, but rather states the limitations as a warning. If
a designer is compelled by circumstances to create an excep-
tion, these warnings should show where the design effort must
be directed.

Tentative guidelines for suggested fluid uses and possible
fluid limitations have been developed. They are based on the
combination of application reqairements, equipment develop-
ments, laboratory measurements of fluid properties, and field
experience,

In systems with moving parts, the fluid depth capability
is that at which pressure or temperature effects cause the vis-
cosity to exceed 100 centistokes.

Fluid lubricating-ability criteria are based on: (1) wear-
test and rolling-contact/fatigue-test performance, (2) known
viscometric characteristics, and (3) known performance in opera-
ting equipment.

Corrosion prot ,ction is based on laboratory and field evi-
dence of inertness of system ferrous and nonferrous metals, with
and ,ithout sea-water contamination.

The limiting density for fluids in delŽp submergence vehicle
applications w:here weight is critical i- considered to be 1.0
gram per cubic centimeter 0
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The criteria for the fire resistance of fluids are ibased
on the autoignition temperature of rfleir vapors and combustion
characteristics at high pressures. Fluids having ambient prt.ýs-
sure flash points under 300 F a)-e considered f]Nunabie.

Electrical application guidance for fluids is ncsed on
their tentative laboratory dielectri.'. test limits given in
Chapter II, on their ability to cope with intrinsic (carbon)
and extrinsic (sea-water) contamination, and on their sea-water
fluid emulsion stability. Critical fluid properties for each
of the following uses are:

* Electric motors: initial dielectric properties,
reaction to arcing (for d-c motors), heat t-ansfer properties,
emulsion stability, and compatibility with other materials.

* Switches, contactors, and circuit breakers: init-
ial dielectric properties, heat transfer properties, reaction
to arcing, and compatibility with other material.

* Stationary electrical components: initial dielec-
tric properties, heat transfer properties, and compatibility
with other materials.

Fluids for power transmission, such as hydraulic systems,
must have satisfactory performance in all fluid and lubricant
property categories, including dielectric properties. Fluids
for mechanical elements, such as gear trains and hydraulic
motors, must exhibit good lubricating properties and good cor-
rosion inhibition while dielectric properties are less critical.
Fluids for environmental protection of moving electrical com-
ponents must have favcrable dielectric properties, afford good
corrosion inhibition, and have favorable lubricating properties
with and in the absence of sea-water contamination. Fluids for
environmental protection of nonmoving electrical components in
sealed cases must have favorable dielectric and corrosion
inhibiting properties, but here the lubricating properties are
less critical.

Representative federal specification products and repre-
sentative military specification products are tabulated in
numerical order. Proprietary products are coded and are listed
in the order in which they were received for evaluation.

The fluids are listed in Table 1 (see page III-4) for
ready reference in the order as noted above, along with common
designatiun, base fluid composition, and a listing of possible
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uses with a _,-neral assessment of applcability to possible us(!;.
The assessment of th? fluid utility is based on its use for
deep ocean :ipplications. Even thouqh a fluid may have been used
successfuily fo• aircraft, misile, or surface ship requirements,
its ,ý. tisfactory performance under deep ocean conditions is not
aissured. The syn1b',ls on the summary table are defined as fol-
lows:

* P - indicates that the fluid may be used in the
listed application" with normal design precautions anJ considera-
tions.

0 Q - indicates that the fluid has properties which
make its use in the iisted application questionable, It does
not mean that the fluid cannot be used in the listed application.
it does mean that if the fluid is used ir such an application,
special precautions and special design considerations must be
observed. A fluid in this category may possibly be suited for
short-term use on!1 .

* X - in,.Yicates toat the fluid has either been used
or has been tried in the listed applicaLion.

* Blank (-) - indicates that there is insufficient
available information to make any assessment of the utility of
"the fluid in the listec ,application.

In the case of a c,.- Dined symbol, such as KP or KQ, the K
indicates that the fluid has been tried for the use indicated,

and the P or Q indicate. chat it is either possible or question-.
able, as defined above.

The listing of P after r'rcduct does not constitute
endorsement for use, and the listing of Q does not constitute
condemnation.
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Table 1
Summary List of Fluids ind Lubricarts T;bulated

A-pp1 I cal. Io2 ]
Base --- -- --- • N 'a''v n"'

Spec i fication or other Co, Aj:-1. Traiis- Iur-imrlopnn|qi~
Tr.rde Name :)esiona^tion sition mission cajold uion immersion,1mwtt',,-m,•,

Federal Specification Products

V-1_-5•Oa Transformer oi l ,Petroleum - j_-__ ] KP | KV ..

--w-D-O01O78(50O cs) IDanpinýLj.Ftuid ' sI11 :one [ .- "[ 7 • j 1•

Mlilitary Specification Products

MI L-11-!50B Aircraft Hydraulic Petxoleum K? K2 KP P I P
MXL1u606dTI __________

[X1L-J-5624F JP-5 Petroleum -___ KUU ____1__

MIL-L-608c.* Jet Engine Lubricating Petroleum KU x" Y• KU O
Grade 1010 Oil I
MIL-lI-608C Ai-craft Hydraulic Petroleui . KU WKj KU KU

System Preservative I _

?L-L-608_A Airc-aft Instrument Oil SUnthetic_ KQ Y_ K ___ U

MIl-L-7W(; Gau Turbine Lubricating Synthetic - Q Q Q Q
oil

M-L-L-78d70A - Petruleum - K __Q Q
MIL-C-F,188C Gas Turbine Engine Synthetic KU KQ Q Q J-

Preservative |___.

MIL-F-17111 Orditance Hydraulic Petroleum Q P j - P
--Fluid a

MIL-L-17672. Turbine Oil and Hydrau- Petroleum KQ KQ Q Q

MS 2110-TH lic Fluid

MIL-S-2150)A Damping Fluid Silicone Q U KU KP KP
MtL-L-2369,A Aircraft Turboprop and Synthetic - KQ - -

. Tur'boshaft Lubricant

MIL-H-27 01A Ai:craft Hi.gh Tempera- Petroleum - - -

ture Hydraulic Fluid ....
ML-H-_6___ Missile Hydraulic Fluid Petroleum iXJ - - ,.-,

M1L-H--.5ig9B Aircraft and Missile Petroleu.. P U - P
Hydraulic Fluid i

Proprietary Fluids

ý-luid Code A Sea-water Eralsifying Petroleum KU K0 0 Q 0
Fluid, Type I

Fluid Code B - Petroleum IK KQ U U
Fluid Code C Proposed Specification Petroleum KP KU 0 Q Q

MII-a-25593 Missile
_IyCraulic Fluid . ...

Fluid Code D Traction Drive Fluid Petroleum - - -
Fluid Code E - Petroleum - KU K - - -

'IQ

Fluid Code F Petroleum P P -
Fluid Code G Pýýtr-leum P P F -
Fluid Code H - Petcnleum P P - -

Fluid Code J USP Mineral Oil lPetroleum - U KU K KPFidCode K NF ML-ieral O'il Ptoem - Q -"

Fluid Code L Lubricity Improved Silicone U Q KU K? P
Si licone

Fluid Code M - Gl' Petroleum - p Q '____ Q
Fluid Code N Sea-water compatible Water Q Q Q Q

water Glycol I I

P - Possible use Q -Questionable for use in this application
K - Known or attempted use - (blank) -Insufficient infornation available for

assessment of use
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I ~w-N5)Oa

Suggested Uses and Possible Limitations

The oil covered by Federal Specification W-I-530a is a
petroleum-based fluid intended to serve as an insulating and
cooling medium for transformers, oil switches, and circuit
breakers at atmospheric pressure. The VV-I-530a fluid also
can be used as an immersion medium for equipment to a depth
capability of 8000 feet. The fluid lacks adequate inhibition
to prevent sea-water corrosion of ferrous and nonferrous sys-
tem components. Its relative lubricating ability has not yet
been established. Its poor sea-water emulsion stability makes
it unacceptable for use in electric motors. Good dielectric
properties and intermediate viscosity make it a moderately good
choice for all other electrical applications.

111-6
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11rope rle L f 1 VV- 1 - )a( I)

(Petroleum Base Fluidl)

V .~5I *cit t:tk.i W 11(w. t L v

E.000 I'S q 9'C'.~ 16J7 10It

j Visc.sLIv. cetitokes. at 210* F-.

V i %s It, S.ope. ASTH 02-
Lubr" .,.atmin. Ah1t, it

ai wer Tvt. V in. ' C. '. A. M.- t .,.
-t0 steel. average scar dia..(roif.

,3 kq

Rol1ing Contact Fatigue Test MIL-.It.1ý,
2
j,7

Life to 10% Failure
corsLife to 5" Failure

nStirred Rust Test. 10% seawater, Fail ASixh n.Et..

on-off Rust Test. 90% seawater. Fail See, Chapt'

140* F. ýO das Test C-Ij~
Ambient Pressure, coupon See Chanster
stirred, corrosion test. wr'ight Test C-1
cliange * mg

Copper -.54.5
Stainless Steel. 316 +3.2

Copper-Nickel (70-30) 421-
Aluminum. QQ-A-.250-4b -124.2 -
Phcsphor-Bronze -61.3
Steel, galvanized -46.9-
Steel. 1009 -547.5
Aluminum. QQ-A-250-11 -4.*3(2)-
Bronze -11.8-
lMonel +3.1
Silver Base Brazing Alloy -14.3

20.000 PSIG Pressure-Cycled See Chant'cr
Corros~on Test (1% seawater), Test C-2
weight o~hange. mgr~
Insulated Specimens:

Copper
Stainless Steel. 316 -
Copper-Nickel (70-3c0)
Aluminum, QO-A-250.14b -

Phosphor-Bronze

Steel, galvanized I
Steel. 1009
Aluminum. 'JQ-A-2D30-11 -

Silver Base Brazing Alloy ____ ________-__

11 1-7



fCot tsion I'll ,Ct Lo) ( Con t)
F lectt ically Coupled Spec imens;

C'ppe1 t -Alumitlum, 4J-A-.,0i I
Aluminum "-A-.'O-4b -

Copper-Nickel (70-ic)
Ione 1 -Bronze

Stainless Steel (51b) -

Phosphor-Btonze
Silver Base Biazinq Alloy -

Stel. 1004
Aluminum Ž-A-: %0-l

Bronze
Aluminum QQ-A-25)0-4b -

Steel. 1009
20,C00 PSIG Stirred Corrosion ee Chapt( r l,
Test, weight change, mg Test C-J4

Insulated Specimens:
Copper
Stolinless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-1250-11
Bronze
Monel
Silver Base Brazing Alloy

Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-250-11
Aluminum, QQ-A-250-4b -
Copper-Nickel (70-30)

Monel-Bronza
Stainless Steel (316) -

Phosphor-Bronze
.ilver Base Brazing Alloy -

Steel, 1009
Aluminum, QQ-A-250-11 -

Bronze
Aluminum, QQ-A-250-4b -
Steel, 1009

Pump Test Proposed military
Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-
Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm

2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM r;-1169 (mod-
Resistivity, 78- F, ohm-cm: ified . See Chap-

As-Received 5.2x,0
1 3  

ter 2, Test E-I
With Sea-Water Spe Chapter 2
Contaminstion:(3) 15.0xl01

3 Test 2-5
0.5% by volume
2.0% by volume

With Carbon Contamination: Ser Chapter 2
0.1% wt/vol. Test E-6

0.25% wt/vol.0,5% wt/vol.

III-



IIC
l "I I , l, , A . ix l, l

L- -!'* , n .,, t• z • I.. . •

A •- ". I- , \ .A,

ith '; , I t,• .t hsjA er
Coitaillni at L ll: (l l ) . 'i :1 I:.

4 ., ' VI/ JutU

With C, tboin Cont ami r ne ti lI: See ChapIt'J
,I. 10 :." I" . Test 1-f6

C~ 1 0 wt "' v.

A' to, i.,)(•O ' " I F 1ct i ic At es

( : k,,s I d l- , t aks) at 10
\'Ott s, 10 am1 ,e re 's, Ce'S1s-

t I' e load
Not fI It•'!(' 1.A

FS I ttdI- A2.(I
Sol l.ii C[ net i:tevd, r i~m

Di lectl Lc Breakdown Voltage, ASTM D-877 (F-d-
0.0¶-inch Jap, 73* F, kv i fied) . See Chap-

As-Received '.0 tel ". Test E-F
WI th Sea-Water See Chapter 2
Contanination:(3) 6.0 Ttst E-5

0.1' by volutme
0" tV volume

With carbon contamination: See Chapter 2
0 10t,' wt/vol. Test E-6
0,75:x wt/vol.
0,50¢` wt,/'- l.

Atter 50,000 electric arcs
(:aakes aid breaks) at 90
volts, 10 amperes, rests-
tive load

Not filtered I 101.
Filtered 22.4

Solids generated, gram
Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 65'-8., F

Number of tests

Operations to failure (range) 4-300

Emulsion Stability
Paddle Test, after 1-hour set- ASTM D-1401
tl tinq:

Oil, r.1 40o
Emulsion, ml 0
Water, ml 4o0 S

Ele-tric Probe Test, time for See Chanter
water separation, min 0.2 Test E-4

Material Compatibility Stat,c 20PSI* See Chapter C
But t-;l Poor Test C-5
Buna N Good
Vliton B Good
I th',lene-Propylene Poor
Tetraflurroethylene (Teflon) Good
Nep(,rene 7air
I''l ko I
S i p irsone Fair
Fluorosilicone Fair

Based cni atmospheric pressure data.
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Y.1~M -At IjýVolat ility . . . .

___1 L etroleum
Ies t, gam7.cubic cent kIwi ittk , at: I [ -m ký- iotY ii6 -

0 pH'g 19 79W _.0Wfl , N!IdI
5.000 psHig 0. 057 0 .'3.,4 ) *W(5( . Ai , j i,, I,
', 000 psil 0. 40 0.88W o.y I:,
8.000 pH il 0. ý)69 0 .'l9' . 1).

10,000 psig 0.9216 0.w06 0.38'()
20,000 psiqg 0 .L'

Isothermal cp_____, ity .... Tu• --T t-

5,000 psig 1.00 1.12 1.45 M4ILAI '
5,000 psig 1.61 1.84 2.50
8,000 psig 2.42 2.75 5.41

10,000 psig 2.92 5.29 4.06
15.000 psig 4.03 4.50 ').56
20.000 ps ig -5 565

Chemical Stability ...
Oxidation Stability Test, 2030 F AS''M D-')P4l
hours Lu failure

Oxidation Stability Teat, 250' F Fed. Mtbt 11. j
Hydrolytic Stability Test Militalr: i! LL ,-

Specimen change, mg cat ion MIL-11-
Specimen appearance 194Yi[
Fluid acid number increase,

mg IDH/gram fluid
Water acidity, mg IKH
Insolubles, %

Thermal Stability Test
Fire Resistance

Flash Point, OF 325 ASTM D-'6
Fire Point, OF 345 AST' D-10
Autogeneous Ignition Temperature,OF ASTM L-[ 17.
Hiqh-Pressure Spray Combustor Sou. MiEl i<or,-t

Minimum spontaneous ignition
temperature, OF 1,)67(

Minimum reaction temperature,
OF

No indication of fire, oF
Maximum pressure change, psi
Lowest temperature of maximum

pressure change, OF
Temperature range explored, 'F

Miscellaneous Properties
Pour Point, OF <-40 ASTM Y- _1
Foaming Tendency, 750 F AST>T !J-$ 0

Foam after 5-minute aeration, <a0
ml

Time out, minutes 0
Foam after 10-minute settling,

ml
Neutralization Number, mg KOH/gram 0.01 AST:ri 2-ý','
Water Content, % by weight 0.007 ASTM D-171,!,
Neutrality, qualitative Neutral Fed. Ict!.od i 1
Contamination

Number and size of particles and SAI t', , ,1 -.
fibers in l00-ml fluid

25-100 micrometers
100-500 ,icrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter) I

Gravimetric Value, mg/i00 ml S;, Nt, t 1 AP-

Color ASTM D-I'1
cost, $/gal $.70
Availability Govt apec
IDeterminations made at atmospheric pressure, unless noted. 'VHeavy deposits indicate corrosion not
shown by weight chxnge. 3Saturated with seawater.
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i]
Supplementary Properties of VV-I-"O)3O

Method
Material Compatibility withs* See Chapter • •--• -B u-r+na S+- Poor Test C-3

Natural Rubber Poor
Polyure Thane Good

Hiscel l!Mneo 1%~et ie5
'Spec'i~ Orvtyt •060 F0. D-1298

Based on atmospheric pressura dita.

•L

Ii
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W-D-001078 (10 Cs)

Suggested Uses and Possible Limitations

The fluid covered by Federal Specification VV-D-001078 is
a dimethyl polysiloxane developed for us( as a damping fluid
and is available in viscosities from 0.65 to 200,000 centi-
stokes. The VV-D-001078, 10-cs fluid can be used as an immer-
sion medium for nonmoving equipment and has a depth capabil-
ity of 16,000 feet. It has poor sea-water corrosion inhib-
ition capability. Its high compressibility must be consid-
ered in system design. The poor lubricating ability (partic-
ularly with steel-on-steel components) of silicone fluids
limits its application to nonmoving components. Although this
fluid has been used in deep submergence electrical applica-
tions, it is considered a questionable choice for electrical
usage because of borderline dielectric breakdown voltage.
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Properties of Vv-D-001078 (10 cs)(1)

(silicon* Fluid)

S;Vi.rtt ic Ptop.'&t tea1
VL•-o~ty c•ntstovu at10 F 1100° F 1',0' y
0 !,p ,q 17.86 8.6 t7,

5 ,0 00 ps 31.98 14.99 10 ,.11 isnaj ll . ,liu -t'
8,000 Elstq 4.45 20.16 12.63 MATIJsi "A)

10o,00 rsij 149.44 '213.82, 15.00

11,.000 pSI') 78.64 35.52 21.90
r0.000 [isiq 123.5 51.12 30.55

Viscosity. centistokes, at 210* F, 3:76 ASTh D-.4a4
0 ps Iq 0.43o0

Viscosity Slore. _ST_
Lubricatling Abtlity

4-Ball W.-ar Test. 30 min. 50* C. I-'. 1thd (6'"
%-I00. steel. average scai dia., (modif i.d)

3 kj
Skg

Corrosion Protection
Stirred Rust Test. 10% seawater. Fail ASIM D-6(5

1V.* F. 2 days
On-Off Rust Test, 50< seawater, Fail See Chap.er P

140* F. 30 days Test C--:'
Ar-bient Pressure, coupon S.-e Chapter ?
stirred, corrosion test, weight Test C-i
change.nq

Copper -1-7
Stainless Steel, 316 +7.7
Copper-Nickel (70-30) +14.2
Aluminum, QQ-A-250-4b -198.9
Phosphor-Bronze -63.
Steel, galvanized -97.6
Steel, 1009 1009.8
Aluminum, 00-A-250-.'1 +210.9
Bronze -1.4
Monel +11.3
Silver Base Brazing Alloy +19.2

20,000 PSIG Pressure-Cycled See Chapter
Corrosion Test (i% seawater), Test C-2
weight chnnge. mg

Insulated Specimens-
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum. 0Q-A -2 50-4 b.
Phosphor-Bronze
Steel. galvanized
Steel. 1OC9
Aluminum, QQ-A-250-11l
Bronze
Monen
Silver Base Brazing Alloy_
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Corrosion Protection (Cont' 
[

Electrically Coup1lvd lr: !cimunsu
Copper-Alumtnum. ..j-A-?O-ll
Aluminum QQ-A-2!i-4Ob -

Copper-Nickel (70-30)
Hone -Brnze

Stainless Steel (516) -

Phosphor-Bronze

Silver Base Braztnq Alloy -

Steel, 1004
Aluminum QQ-A-Z5Q-ll -

Bronze

Alumilnum Q0-A-^'50-4b -
Steel, I00)

20,000 PStG Stirred Cotrosion See Chapter ?

Test, weight chanqe, mI Test c-4
Insulated Specimens:

Copper

Stainless Steel. 316

Copper-Nickel (70-30)

Aluminum. QQ-A-2 0-4b b

Phosphor-B ronze

Steel. galvanized

Steel. 1009

%luminum. QQ-A-250-11
Pron-e
Mone 1

Silver Base Brazing Alloy
Electrically Coupled Specimens:

Copper-Aluminum, QW-A-750-11
Aluminum, QQ-A-250-4 b -

Copper-Nickel (70-30)

Nonel-Bronze

Stainless Steel ('16) -
Phosphor-Bronze

Silver Base Brazing Alloy' -

Steel, 1009

Aluminum. QQ-A-250-11 -

Bronze

Aluminum. QQ-A-250-4b -

Steel. 1009

Pump Test Proposed military

Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-
BronTe Bushings fying oils

Corrosion Coupons, weight lcss,
each, mg/cm

2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTm D-1169 (mod-
Resistivity. UO' F, ohm-cm: ified). See Chap-

As-Received 3.6xlOI4 ter 2. Test E-1
With Sea-Wats-r Con- 8.6x10

1
' See Chapter 2

ta;3ination,(2) Test E-5

0.5% by volume
2.0% by volume

With Carbon Con- See Chapter 2
tamination: Test E-6

0.25% wt/vol.
0.5% wt/vol.

1!



~* ~~ jMt t hvd

A!tL, ' O Elt:-ctr~. AtLo, See Chapter P

(i in,. i amt 1,rtak ..) tt ,t0 Tce t E-7

t Lv," 10.) i
Not t i Itoxvil

i' I I t e rod
S%,1] tdls q|en rate~d. ,Irirm

L1-4HLpdt Ion F.etOr, 80 r, ".; Chapter,

As -loe i vvd 0.0 Tsat E-4
W Cti St'-Wrmter Con- 0.7 See Chapter 2

taminat ton: -V) Test E-5

0. 1( by voluric
2.0"', by volume

With Carbon hontaitra.t ý,,i: See Chapter P

(I1 ,y!' ;t/vo . Test E-6
0.: '," wt,,,,,I.

Artvt 1Oo(tN'1 ý_. l*ctrL,- Aý,.'

(make's ant breals) :,k '10
volt-4. IC z 'h I.' -
t IVe 10.0d

Not ftltr r,-d

Filter~dSolid'; .], nctated•, il-wt

Dielectric BreakdoWn Volt,. ,* ASTh D-877 (mod-
C.05-inch ,ap. 40* F, kv ified). See Chap-

As received 14.8 ter 2. Test E.5
With sea-water cohz- 5.8 See Chapter 2

taninationt(2) Teat E-5
b'.- volume

.0% hy" volume
With carbon contaminati,,n: See Chapter 2

0.10%, wt.,"vol. Test E-6

0.50-: wt ;Vol .

After '0,.'2 el-ctiic

vo lts. II' - .
tiv, loaa

Not filtered
Filtered

Solids generated,
Contact Lifc. silver-7admiu'm. See Chapt, r 2

volts. 10 arperes, r-tSst,. Test E-8
load. 6000 psi. 65.-8,,5" F

Number of tets

Operations to failure ( t
Emulsion Stability

Paddle rest. after 1-hour - ASTh D-14ol
tlinqz

Oil, ml 40
Emulsion. ml 0
Water. ml 40

Electric Probe Test. time ýoi 0 See Ca,'pter 2
water separation. mirt Test E-4

Material Compatibility Static 'CKPSI' See Chapter

Butyl Poor-Fair Test C-3

Bun& N Fair
Viton B Good
F. thy, lc ne-P .'3pylene

Tetrzafluorocthylene (w' flon) Good
Neoc rene Fair

Th ioko I Good
Silicone Poor
Fluo.-osilieone .... __oo _ , . -

Based on atmospheric p)rt..u.'c Jitta.

111-15



Volat i I '•
)X ic LtyS i licone -__. .....

DensI ty, .jrAmo/cublc centimeter, att 5•" F i F loo0 I -0

o P5"3 0.9572 0.928 0.8973 Set- NbSlL
'.000 Ps i, 0.9788 C.9514 o.9J31 Ann,,xI i s P ,•'l I
1,,000 ps ij 0.9924 0.9663 0.9484 MATLAII •50

8,000 ps i 1.0095 0.9859 0.9708
10,00(l piJ 1.0062 0.99,6 0.9851
1),000 s 'L, 1.0892 1.0206 1.009220 O("0. plSig i. .1 193 1 .0404 L-o0-314

decreds1e. ', at: Seý NSI4DI.
0 psij Annapolis l,*oru

3,000 psiq 1.88 2.11 2.62 MATLAB 5105
5.000 P 8ig 2.97 3-3 4.0-2
8.000 pshij 4.40 4.95 5.7P

10.000 Isi.; 5.21 5.82 6.75
15.000 ps g 5'.98 7.66 8.74
V0.000 psiq j.49 9.22 -- -Chemical| Stab~l •tti:i

Oxidation Stability Test. 203* F. AsTm D--941
ho-irs to failure

Oxidation Stability Test. '.50* F Fed. Method 'C.A

llydrolyti- Stability Test Militiry spvec:i-
Specimen change. mg cation A1l.-1!-
Specimen appearance 194S.7B
Fluid acid number increase.

mg t*H/gram fluid

water acidity. mg KOH!

Insolubles, ' I-
Thermal Stability Test

Fire Resistance
Flash Point# *p 355 ASTH D-W
Fire Point. *F 415 ASTM D-'?P
Autogeneous Ignition Temperature,*F AS7.4 D0-155
High-Pressure Spray Combustor 3ce MEL Report

Minimum spontaneous ignition 53/66 of March
temperature, *F 1967

Minimum reaction temperature.

No indication of fire, 'F
Maximum pressure change, psi
Lowest temperature of maxzimum
pressure change, *F

Temperature r•ange explored. *F
Miscellaneous Properties

Pour Point. R <-65 ASTh 0-97
Foaming Tendenr-,, 75' F ASTM D-89-.

Foam after 5-minute aeration. 0 -

ml
Time out. minutes
Foam after 10-minute settling,
ml

Neutralization Number, mg KOH/gram AST" D-974 1
wv"er Content. % by weight ).01O ASTH D-1744
Neatrality. qualitative Fed. Method 5101 I
Contarinat ion

Number and size of particles anj SAE Method ARP-
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
over 500 micrometers (7
particles ovir 250 microm-
eters except fibers (length
ten times diameter)

Gravimetric Value. mg/100 ml SAE Method ARP-
785 V

Color ASTM D-1500
Cost, $/gal $20.00
Av.oilbility ___vt ____ , -_r-
lDeterminations made at atmospheric pressure, unless noted. Saturated with seawater. V



Supp1ýifkvntary Properties of VV-D.-l-078 (10 CS)

M ateril C4aet •l•kt.,wth" S.,.Chapter 2
8.3 Poor Teslt c-3

Polyurethane Fair

mi scel laneous Propert ies i
Specific Gravity at 60 ' F 0.941 1

l .ised on atmosphertc presaur .

A

13

ii
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O-D.o 78 (50 CS)

S2g92sted Uses aud Possible Limitations

The fluid covered by Ftderal Specification W-D-001078 in
the 50-cs viscosity has been used in the missile hold-down sys-
tem in submarines. The W-D-W01078, 50-cs silicone fluid can
be used as an immersion medium for equipment to a depth capa-
bility of 1000 feet. The fluid lacks adequate sea-water cor-
rosion inhibition. Its high compressibility must be considered
in system design. The poor lubricating ability (particularlywith steel-on-steel components) limits its use. Due to a low
dielectric breakdown voltage and poor sea-water emulsion sta-

bility and relatively high viscosity, this fluid is not recom-
mended for any electrical applications.
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P ,ptr It iuts of ýV D-CO1(P (UU CS)

I I

L i 'Si I

' I';, e% et st. k s , ,, t s I ', '0 ASlM D-441,

0 psL p
V Lscos) S lo~pe , ASTM-- -

Lu-br 1,7at i ~ ! i I it y
4-BaII W~;u ' est, W m1n, -2 red. Method 6p,!

200steel,. average siar .iid.,*mdit)

ram:
1 k,

CLmirosion Protect icr.
Vtirred Rust Test, 10, seawater, F . ail ASTIlM D-664,
140 F, 2 dais

on-Oft Rust Tsl . 5)0,A s.at..tc:- Fail See Chapter 2
140' F, '0 Javs Test C-5

Ambient Prr'ssurE , coupon See Chapter 2
stirred, corrosion test:, we Ujht Test C-1
change, m,

Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminur,, QQ-A-250-41b
Phosphor-Brcnze
Steel, galvangzed
Steel. 1009
Alumintum, QQ-A-250-ll
Bronze
Monel
Stirled r Base Brazing Alloy

20,,)00 Pet Pressure-Cocled Fee Chapter
Corrosion Tcst (1% seawater), Test C-2
weight change, mg

Insulated Specimens:
Ccpper

Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Pbosphor-Bronze
Steel, galvanized
Steel, 1009
Alurrinum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

A Insulated_1 Specimens



Corrosion Prot.•ction joll,)

Copper-Aluminum, QW-A-250-11
AI;Ymanum iQ.-A-250-4b -

Copp•r-Nickel (70.,N0)
Honel-bronre
Stainless Stool (ý16) -

Phosphor-Bronre
Silver Base Brazing ' Iloy -

Steel, 1004
Aluminum O..A-•-ll -
Brunt&

Aluminum (W-A-250-4b
Steel, 1009

20,000 PSIG Stirred Corrosion See chapter 2
Test. weight change, mgj 7st C-4

Ifsulated Specimens:
Copper
Stainless Steel. 316
Copper-Nickiw (70-30)
Algminum, QQ-A•250-4b
Phosphor-Bronze
Steel, galvanized
Steel. 1009
Aluminum, QQ-A-250-11
Bronze
hone1
Silver Base Brazing Alloy

Electrically Coupled Stecimens:
Copper-Alur.inum, Q'j-A-250-11
Aluminum, QQ-A-2C - ýh -

Copper-Nickel (, '0)
o.-el-Bronze

Stainless Steel, (316) -
Phosphor-Bronze

Silver Base Brazing Alloy -
Steel, 1009

Aluminum, QQ-A-250-11 -
Bronze

Aluminum, QQ-A--250-4b -
Steel, 1009

Pump Test Pzoposed military
Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-
Brý.ize Bushings fying oils

Corrosion Coupons, weight loss,
each, ngicnf

Copper
Aluminum
Steel, galvanized
Sli2-t, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM D-1169 (mod-
Resistivity, 77' t v', ohm-ccmt ified). See C1ap-

As-Received ,7.8xl 3  ter Test
with Sea-Water Con- 4.•4xl0 3  See Chapter 2

tamination:(2) Test E-5 7
0.5% by volume
2.0% by volume

With Carbon Contamination: See Chapter 2
0.1% wti vol. Test E-6
0.25% wt/vol.
0.5% wt/vol.
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Method -

fl " A-t--i 0,(7d"-,ct r o" Ais See Chapjter 2
( iikc,. bI).aks) at 90 Test E-7

F .I I I 1ýL ttt
F~lts It ) fLip,', is

Sri hI ' vim11i i t'd, 1 l111

DIs. i pa tin I'd, t, [''(* F, I" See Chapter P
As-Rv,,-. 0.0 Test E-2
with SVA-W.itr Con - 0.9 See Chapter 2

taminat~ont(2) Test E-5
0.1,<. by volume

2.0'" by volume
With Carbon Contaminationa See Chapter 2

0.lC wtwVol. Test E-6
S0.? wtivol.

Ariel '0ý000 Electric Aick'
(mi,k,'s ni breaks) t 90
volts, 10 amoeres, resis-
tive load

Not filti red
Filtered
Solids generated, jram

Dielertric Breakdown Voltale, ASTM D-
8

77 (mod-
1 01 -in, h jap, 770 F, kv ified). See Chap-

.i received 6.3 ter 2. Test E-3
l ith sea-wlitor con- 6.1 See Chapter 2

tamination:(2) Test E-5
0.5: by volume
2,011 by volume

With carbon contaminotion: See Chapter 2
C.105 wt/vol. Test E-6
0.25(, wt/vol.
0.505, wt/vol.

After 50,000 electric Tr s
(makes and breaks) C",
volts, 10 .mprees, '•,

tive load
Not filtered
Filtered
Solids generated, iuram

Contact Life, silver-cadmium, ,-0 See Chapter 2
- volts, 10 amperes, resist,vc Test E-8

load, 6000 psi, 65°-8ý" F
Number of tests
Operations to failure (ran• )

Emulsion Stability
SPaddle Test, after 1-hour set- ASTM D-14ol

tling:
, Oil, ml 40

Emulsion, ml 0
Water, ml 40

Electric Probe Test, time for 3 See Chapter 2
dater separation, min Test E-4

Material Compatibility Static 20KPSI See Chapter 2
futyl Poor-Fair Test C-3
Buna N Fa-r
Viton B Good
Ethýl ene-Propylene
Tetrafluoroethylene (Teflon) Good
Neoprene Fair
Thiokol Good
Silicone Poor
Fluorosilicone Poor

Based on atmospheric pressur- data.
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Vo It Il _ry

\X ic i t___ SSiliconeDr-sg t , q g ms/cub- Lc ,,•t ,metv i at. v" F',£S - - -i-'-ff i - -T - i•. : . . . . .. .
0 p t 3 

S14 N-ih----

5,000 t•3,5Jg Ah tp,-)I ih ill It

'),000 psiq MAI'LArA ,t'
8,000 psh 1

10,000 psti
lý't000 ps iq
2_0,000 ls ig

Isothermal Compressibility, volume 35 - -00+ .i -
decrease, T7, at: .. S 'NSRDL

0 psi9 Ann 1~lis 11, j,, ,
3,000 ps iJ MA'rLAB .
5,0OO psig
8,000 psig

10,000 psig
15.000 psig
20.000 psig ___ _

Chemical Stability !
Oxidation Stability Test, 2030 F, A.'1'M D-- •4

hours to failure
Oxidation Stability Test, 250' F Fe. N+th ' i
Hydrolytic Stability Test Militar' spL(+,' I

Specimen change, mq CtAt i0n MIL-II-

Specimen appearance I04' 713
Fluid acid number increase,

mg XDH/gram fluid
Water acidity, mg KDH
Insolubles, %

Thermal Stability Test
Fire Resistance

Flash Point, 'F >535 ASTM P-9?
Fire Point, *F ASTM D-O?
Autogeneous Ignition Temperature,°F ASTM D-21;5

High-Pressure Spray Combustor See MEL, Report
Minimum spontaneo.us ignition 51/66 ut March

temperature. 'F 1967
Minimum reaction temperature,
'F

No indication of fire, *F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, 'F

Temperature range explored, 'F

Miscellaneous Properties
Pour Point, -F <-65 ASTM D-97
Foaming Tendency, 75' F ASTM D-89,

Foam after 5-minute aeration,
ml

Time out, minutes
Foam after 10-minute settling,

ml
Neutralization Number, mq KOH/gram ASTM D-974
Water Content, % by weight ASTM D-1744
Neutrality, qualitative Fed. Method 5101
Contaminat ion

Number and size of particles and SAE Method ARP-
fibers in 100-1,i fluid 598

25-100 micrometers
100-500 micromr .. .

over 500 micrumeters
particles over 250 microm-

eters except fibers (length
ten times diameter)

Gravimetric Value, mg/O00 ml SAE Method ARP-
785

Color ASTM D-1'00

COnt $/qal $15Moo
Availability __ ovt __a_ _ _

Determinations made at atmospheric pressure, unless noted. 
2
Saturated with seawater.
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Supplementary Properties of VV-D-O010'8( (IC; CS)

et hod
Kterial Compatitlit'L with:* Fee. (1jter II

Buna S Poor r-hi
Polyurethane Fair

SMcvIlaneuus Propert ies• Specific Gravity, 60/1o0 F" o.961 As'rm ,i--'PH

Basied On %tlosphvr i, pressure data.

Li
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14IL-H-~6

$gested Uses and Possai, Limitations

The fluid covered by Military 2pecification MIL-a-5606B
is a petroleum-base, low-viscosity fluid which has been used
extensively in aircraft and mis ile hydraulic systems. The
properties of MIL-H-5606B indicate that it is suitable for use
as hydraulic fluid, as a motor immeruion fluid, as a general
lubricant, and for environmental protection of electrical
equipment at depth capability of 20000 feet. Its limitations
are lAck of corrosion protectio, poor sea-water compatibility,
and its high flammability. Tureý are reported field applica-
tion failures due to formatiorn of large carbon deposits under
pressure in electric arcing conditionsy however, this prublem
is common to all hydrocarbon fliids. (See Chapter I.) Its
combination of good sea-water emulsion stability, good dielec-
tric properties, and intermediate viscosity makes this fluid
the best choice known to date for electric motor usage and a
moderately good choice for all other electrical applications.
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rroperties ot NIL--1-5606b(l)
(Petroleum Base Fluid)

I em Me t horl

-V Vt-costty high sh.ear, c. atc 85, j kL.thG1

C p29.85 ip.6 7.21
',OCCpa'q43.44 16.31 1) .4 SeNHI

1,.0O0 pstI 5.89 19.21 11.39 AnnapuI it Report
8.0o •s, Ls. 76.16 24.90 14..,4 ATLI'J 5,O

10.000 psiq 92.6. x)9.32 16.c7
1)•1.C00 ps ,; '52.8 42.90 PIP.88
-0,00 11Ps', 264.4 62.55 31.65 -_ _ _

V i.scosity, low shear, ca. at: 35 F 1,0 Fr
o psig 40.50 '0

3.C00 pst3j 60.55 18.39 11.53
5.000 psi! 86.66 21.87 14.01
8,000 psig 113.4 32-33 18.82
10.000 psig 147.1 38.78 P3.53
15.000 psiq k •70.5 58.41 35.07
20.000 ps igJ 504.8 92.59 5;.38VIsCCoStty. c-entottokes•. at 210* V, I'S' D-I•I41,
0• Os pI, 5.16

. viscosty slope. _s_ •-o.457
Lubricating• Ability

•-Bail wear Trest. 30 rin. W C. F.d. Mcthod QO'.
[!52100 steel. av~eraqje scar dia.. (modified)

mM: I kg
3 k9
5 kg 0.19 -

Rolling Contact Fatigue Test. hr:
" BIO life: Dry 34.9

With 1% synthetic 12.7
"seawater

B50 life: Dry 94.3
With 1% synthetic

seawater
Corrosion Protection

Stirred Rust Te1st, 10% seawater. Fail ASTh D-6(5
140* F, 2 days

On-Oft Rust Test. "0 seawater. Fail See Chapter
14o* F. 30 days Test C-5

L Ambient Pressure. coupon - See Chapter Z
stirred, corrosion test, weight Test C-i

-. change. mg
Copper -4.1
Stainless Steel, 316 +0.1
Copper-Nickel (70-30) +0.1
Aluminum. QQ-A-250-4b +0.7
Phosphor-Bronze +0 .2(2
Steel, galvanized -116.5
Steel. 1009 -110.8
Aluminum, 0Q-A-250-11 +o.6
Bronze +2.1 -
Monel +0.2
Silver Base Brazing Alloy -0.7

20,000 PSIG Pressure-Cycled - See Chapter i"
Corroz-ion Test (1% seawater). Test C-2
weight change, mg

Insulated Specim-nsal
Copper -0.2
Stainless Steel, 316 40.1
Copper-Nickel (70-30) +0.1
Aluminum. OQ-A-250-4b 0
Phosphor-Bronze -0.2
Steel, galvanized +0.3
Steel. 1009 +0.1 -
Aluminum, QQ-A-250-11 +0.1
Bronze 0 -

Monel 0 -
Silver Base Brazing Alloy 0
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LCorro, ion P2 .t ect iont (Cont)
E v c a Ily Coup led -Specintensi
Copper-.Aluminum, +UA2,-l 40.2 ..l
Alurr~ium Jt,-A-25ý0_4b - +0.2 0
Coppor-Mickel (70.50)

IMunel-Biurgu +0.1 +0.2
Stainiess Steel (316) - +0.2 0

Phosphor -rdionze
Silver Heise hiIazinq Alloy - 0 +0.2
Steel. IC04

Alumrinum +tjA.A)l 0.1 +0.1
bionze

Aluminum W.~.-A-25-4b - +0.2 +0.1
steel, 1009)

'0,U~XC' PSIG Stitred Corrosion see Chaptur
Test, weLqht &han~i,., mq Test c-4

ln~ulatud Specimens:
Copper -2.6
Stainless Steel. 516 0
Copper-Nickel (70-30) 0
Alumtinum, Utl-A-250-4b -1.9
Phospior-Bronze -2.1
Steel, jalvanizod .0.1

AluminLUr._ -- ~0l -0.1

Bronz( -2.5

51.'... Base Brazing Alloy -.
Electricd.', Coupled Specimenaz

Coppez-Aluminum, Q0A~ClI-2.0 +0.1 -

Alurinum.-l 0 A-2'?0-1kb - +0.2 0 I
Copper-Nickel (7(,-'O)

None I-Bronze + 0.2 -2.6
Stainless Steel (516) - +0.1 -3.1
Plicsphor-Bronze

Silv:er Base Brazinq Allo .- -0.5 -11.1
Steel, 1009

Alumrinum,, Q0-A-,-,j0-ll - +0.2 -2.7
Bronze

Aluminum, .Q0-A-2`10_4b - -o.6 -15.4
Stee _l., I"

Pump Test Proposed military
Averajle Wei-4ht Los. mrq specification for

Steel Gears 15 sea-water emulsi-
Bronze Dushincls 9 Ifyini ' oils

Corrosion Coupons. weiqht loss,

'oppe. I .01
Aluminum c .04 -

St.I galvasnized 0.01
Steel, lCAý 0.03
'Srlver Base Braz.nq Allo' 0.02

tiielactr~c Pr%-c* e# ASIN D - See6ýmo

As R-eceivJOI:2tr_ýs

W:'" Carn.Žnam~a~~n:See Chapter

Se hapter-
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i ~Me thod

At(mjkr OC0V•-ljctiic Aiv-i See Chapter 2(makeri and lktea:zs) ,it 90 Text Z-7

voltS. '0 amdi'rpeva. resis-
t Ive load

Not filcze-zl 8.o0Xl01
F IItere-d 8.6xI0II
Not ids ;,encrated. ,;ram 0.81

Dissipat ton tactor, 77* F, . See Chapter 71
As -- ec%' I ved 2.0 Ivat E-2
With ýea Whtvr Con. 2.1 See Chapter 2

taminat on, 1Test E-5
0.',• by volum.w
P.Pr Ly voloiiwv

With Carlln Contaminationti .- 'ie,,Chter 2

O.l•,-wt/vol." : - e E-o .:',t .wt.
1
vo I. .J - ,-.

After 0.000t Electric Arcs
(makes and breaks) at 9g
volts, 10 amperes, resis-
tive load

Not filterd 0.8
Filtered 0.5
Solids qencrated. '.jram

L Dielectric Breakdown Voltaqe. AS37 D-87.t (mod-
0.Or-inch qap, 77* F, kv Ified). See Chap-

As received 23.8 ter 2 . Test E-3
With sea-water cOn. 7.2 See Chapter 2

taminat ion:( % Test X-5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2
0.101 wt/vol. Tesa! E-6
0.25,% wt/vol.
0.50% wt/vol.

After 50.0V0 electric arcs
(makes and breaks) at ')0
volts, 10 amperes, resis-
tive load

Not filtered 10.8
Filtered 15.8
Solids generated, ,jram

Contact Life, silver-cadmium. 50 See Chapter Z
volts, 10 amperes, resistive Test E-8
load. 6000 psi, 65'-851 F

Number of tests
Operations to failure (ranqe)

Emulsion Stability
Paddle Test, after 1-hour set- ASTM D-Mi01
tlinq-

Oil, ml 33
Emulsion, ml 30
Water, ml 14

Electric Probe Test, time for 10 See Chapter 2
water separation, min Test E-1 4

Material Compatibility Static 20]PSi See Chapter 2
Butyl Poor Test C-3
Buna N Fair-Good -
Viton A Good -
Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
Neoprene Fair -
Thiokol
Silicone Poor
Fluorosilicone poor

"Based on atmospheric pressure data.
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i Me!W hod

Volat l ith
____X ic I t_ [_Pe tro lum

__,rs/cu_,c centimeter, at, '_1 loc i, Se...
0 pa ig 77-865-9 TA 0 -- 0.22Set NSL

3,000 paig 0.8756 0.8516 0.8335 Annapolis Report
5,000 psig o,8818 0.8585 0.8414 MATLAD 31.)0

8,000 psig 0.8905 o(8679 0.8515
10.000 psig ).8957 0 .! 7 39  0.8580

0.9076 7 0.8720
,oo paig 0.07 Lt n.881 o.88

Isotherm al Comresssibil ity•, •1 Fl j 7 7 -F'

decrease, %, at: See NSRDL
0 psig Annapolis Report

2,000 p31q 1.i2 1.29 1.60 MATLAB 350
1,000 psgq 1.81 2.07 2.52
8.000 psig 2.76 3.12 3.646

10.000 prig 3-33 3.75 4.40
15,000 paig 4.60 5.12 5.94
20,000 pai_ 5.77 6.32 7.21

"Chomical Stability
Oxidation Stability Test, 203' F, ASTM D-943

hours to failure
Oxidation Stability Test, 250' F Fed. Method 5308
Hyd-olytic Stibility Test Military specdti-

Specimen changE, mg cation MIL-H-
Specimen appea-ance 19457B
Fluid acid number increase,

mg NDH/gram fluid
Water acidity, ag HOH

Insolubles, %
Thermal Stability Test

Fire Resistance
Flash Point. 'F 215 ASTM D-92
Fire Point, *F 250 ASTM P-92
Autogeneous Ignition Temperature, 'F ASTH D-2155
High-Pressure Spray Combustor See MEL Report

Mini.um spontaneous igqition 51/66 of March
temperature, 'F 1967

M4r~:mum reaction temperature
F

No indication of fire, °F
Maximum pressure change, ns.
Lowest temperature of maximum
pressure change, 'F

Temperature range explored, 'F
Miscellaneous Pr rties

Prur Pon--- , F <-75 ASTM D-97
Foaming Tendenr:y, 75' F ASTPA D-892

Foam after 5-minute aeration, 55
ml
Time out, minutes 1
Foam after 10-minute settling,
ml

Neutralization Number, mg KOH/gram 0.18 ASTM D-974
water Content, % by weight 0.011 ASTM D-17

1
4-4

Neutrality, qualitative - Fed. Method 5101

Contaimin' t ion
Number and size of particles and SAE Met' •d AR:,-
fibers in 100-ml fluid 59P

25-100• micrcmeters
100-500 micrometers
over 50'1 micrometers
Particles over 250 microm-

etE,'s except fibers (lengqh
ten t•mes dianeter)

Grav~metric ialue, !rc/lOO ml SAE Methocdc ARP-i ( 785

Color ASTM D-l00
cost, $/gal 2.6o

jAvallabi I I ;-t spec [

IOeterminati.ns made at i'moephezic prissure, unless noted. ?Heavy deposits indicate corrosion not

shown by weght changje. 5Saturated with seawater, 
4

Some rust observed in system.
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Sppleetentary Properties of IL.H-8560ba

H 4 ~method__
.Material Cooptibility with:" gas chapter IIWSUna-I-1El]•er Poor Test C-3,

sun& a 8Poor

Piooellr eeo 9 c>rt:es
Specitic Gravity 0.86 raSTy D- t

a Based on atmospheric pressure data.

[1
LI

Li

L-
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MIL-J-5624F
Suggested Uses and Possible Limitations

The fluid covered by Military Specification MIL-J-5624F
is petroleum-base jet engine fuel. The JP-5 grade of the fluid
has been suggested for deep ocean applications because of its
low viscosity. The few relevant values known for MIL-J-5624F
(JP-5) indicate it to be of questionable value for any elec-
trical applications because of low dielectric breakdown volt-
age. Studies of diesel fuel as a lubricant lead to the pre-
diction that JP-5 would have poor lubricating ability. It
lacks corrosion inhibiting properties and is also highly flam-
mable.
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U Properties of NILQJ-5624r, JP-5(1)
(Petroleum sees Fluil)

Metehod

Viscometric Properties
Viscosity. con-tT-stokes. att ý5* F 100° F 150, F

0 psig
•.000 psig See NSRDL
5,000 psig Annapolis Report
8,000 psig MATUNB 35C
10.000 psig
15.000 psig
20.000 psig

Viscosity, centistokes, at -Yr F, 16.5 max ASTh D-JA4,
0 peig;

Viscosity Slop!_, AS11
-Lubricating AbiltLx

4-.Ball Wear Test, 30 min, 50* C, Fed. Method 650,>
S52100 steel, average scar dis., (modifiiad)

1 kg-
3 kg

Ccrzosion Protection
Stirred Rust Test, 10% seawater, Fail AST¶ D-66W

1 140' F, 2 days
On-Off Rust Test, 50% seawater, Fail See Chapter 2

140* F, 30 days Test C-5
Ambient Pressure, coupon See Chapter 2

stirred, corrosion test, weight Test C-I
change, mg

Copper
Stainless Steel, 316

Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-l i
BronzeI] Monel
Silver Base Brazing Alloy

20,000 PSIG Pressure-Cycled See Cha}•.ter 2
PCorrosion Test (1% seawater), Test C-2

iweight change, mg
Insulated Specimens:

Copper

Stainless Steel, 316
Copper-Nickel (70-30)
Alumin'im, QQ-A -250- 4b
Phosphor-Bronze
Steel, galvan ined
steel, 1009 AuiuQ-~•-

Alumyinum, 00-A--250-ll1
Bronze
Honel
Silver Base Brazing Alloy
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-JMethod, ||•~itrablly-Cowlesl 81Pei mem

Copper-Mluminum. QQ•A-250-11
aluminum 00g4-25O0i4b -
copper-hiokel (70-30)

Nonel-S91ma
Stainless steel (316)
Phosphor -fonne

silver Base Brazing Alloy -

Aluminum QQA-250-11 -
Bironze

Aluminum 004--250-ft -
steel. IC49

20.000 5i1o Stirred Corrosion S T Chpter C
Test. weight chaimle. 09 Test C-i

Insulated Specimens$
Copper
Stainless Steel. 316
Copper-aickel (70-30)
Aluminum. QQ-A-.250-.phosphor-Bromnz

Steel. galvanized
"Steel. 1009
Aluminum. QQ-&-250-11
Bronze
None 1
Silver Base Brazing Alloy

Electrically Coupled Specimeons

CoppeAr -Aluinm. QQa-A-220-1
Copper-Nickel (70-30)

None 1 -gronze
Stain ese Steel (316) -
Phosphor-Bronas .

Silver Base Brazing A'• y -

Steel. 1009
Aluminum, QQ-A-250-11 -

Bronze
Aluminum, QQ-A-250-A4b -
Steel. 1009p Tst 

Proposed militaryAPu r Weight Loss. Ts 
specification for

Steel Geas sea-water emulsi-
Bronze bushings fying oils

Corrosion CouponL. weight loss,
each, mg/cm2

Copper
Alwainum
Steel, galvanized
Steel, 1009
Silver Base Brazing AlDoyDie letric Properties ASTN 0-1169 (mod-

Delectirity0 ro -r -ified). See Chap-
Resistivity, IF, ohm-c-nt0i0 ter 2. Test P-1

As-Received 4.OxxOI ter -2
With Sea-Water Contamination: See Chapter

0.1% by volume Test E-5
0.5% by vlusme
2.0% by volume

With Carbon Contamination: See Chapter 2
0.i vwt/vol. Test E-6
0.250 vt/vol.
0,5% wt/veX ____ ___
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•4 *
Method

• i Dieletr tc Ptope•r tl (Cunt

•IIU Aftr -Y.Oi -rtrt Arcs See Chapter ,
S(makea'; and bleak.) at ')0 Teat E-7

Volts. '0 ampet'.5. 'VSLi-
N t It.. I" loa
•: ~Not filIt ered

' L Fialtered
Sollds .10l'[tir t, d. ,tlttt

OMSilp|tion raotor. 7-* F. I See Chapter P
As.HReecived 1. Test E-2

With Sea-Water C..ntaminationt See Chapter 2

0.l,'• by volume Test C-5
0../ by volume
2.0% by volume,

With Carbon contaminattion: See Chapter 20 . lcý wt/vol. -.*at E-6
•,U Ob'"wt./vo.

0kI.10'. wt/vol.

After fO.O0C Electric Arcs
(makes and breaks) at 90
volts. 10 amperes. resi.-
tire load

Not filtered

Filtered

Solids generated, gram
Dielectric Breakdown Voltage, AsTM D-877 (mod-

0.05-inch gap. 72* F. kv ified). See Chap-
As received l1.l ter 2. Test E-3

[ With sea-water contamination: See Chapter 2
S0.l o by volume Test E-5
0.5%t by volume
2.0% by volume

With carbon contamination: See Chapter 2
0. IN wt/vol. Test E-6
0.255 wt/vol.
0.50% vt/vol.

After 50.000 electric arcs
f • (makes and break?) a t

volts. 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated. yiaz.

Contact Life. silver-cadmitr., t.0 See Chapter 2
volts. 10 amperes, resistive Test E-8
load. 6000 psi. 65'-895 F

F1 Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTH D-1401

tling:
F Oil, ml

Emulsion, ml
Water, ml

Electric Probe Test, time for See Chapter 2

vwater separation, min Test E-4
Material Compatibility Static 2OXPSI See Chapter u

Butyl Test C-3
Buns N

Viton B
VEthylene-Propylene
Tetrafluoroethylene (Teflon)
Neoprene
Thiokol
Silicone
Fluorosilicone

[j
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Volatility I
Toxic.ity_,,. Petroleum
Density, qrams/cubic centimeter, at: 3 5 F 100' 'T"

0 psig See NSJýi.
3.,300 psig Ann,,•o jx Ii 1vI,, ,t t
1.000 psig; MATLAD ",Q'

8.000 psilg
10.000 p= tg
I5,(X:O psig

20.000 paig
Isothermal C ressibility. ;6o1u"e_37 F 100' F- 0
decreasa M. at: See NSRDI.

0 psig Annlpol &xix)it
3.000 psig HATLAU •4)0
5.000 psig
3.000 psig

10.000 psig
15.000 psig
20.000 psig

Chemical Stabili ty
Oxidation sitaility Test. 203 F. ASTH D0C)I.:
hours to failure

Oxidation Stability Test. 2500 F red. Met?4ct.i t!
Hydrolytic Stability Test Military blec;t

Specimen change. ng cut ion MIL-1I-
Specimen appearance 194'.B
Fluid acid number increase,

mg lDH/gram fluid
Water acidity. mug XH
Insolubles. %

Thermal Stability Test
Fire Resistance

Flash Point, *F 140 min ASTI D-9)
Fire Point. *F ASTM D-(P
Autogeneous Ignition Temperature. F ASTH D- I5
High-Pressure Spray Combustor See MEL Rcport

Minimum spontaneous ignition 5i/66 of March
temperature. rF 1967

Minimum reaction temperature."*F
No indication of fire, °F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change. *F

Temperature range explored. *F _L
Miscellaneous Properties

Pour Point, '. ASTM D-97
Foaming Tendency, 75* F ASTM 0-89-,

Foam after 5-minute aeration.
mla

Time out. minutes
Foam after 10-minute settling.

ml
Neutralization Number, mg KOH/gram ASITI D-9--4
Water Content. % by weight ASTM D-174h
Neutrality, qualitative Fed. Methcj .01Ol
Contamination

Number and size of particles and SAE Method ARrP-
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)

Gravimetric Value. mg/100 ml SAE Mthod ARP-7•5
Specific Gravity. 60/60' F 0.79-0.85
Color AST7 D-150C

Cost. $/gal availabl from sup lier
Availability Govt spe __
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NIL-L-, 1C Grade 1010

[] Suggested Uses and Possible Limitations

Tin fluid covered by MIL-L-6081C is a low-viscosity,4 ptroleum-baso fluid originally developed as a jet engine
lubricating oil. The data given here were collected on the 1010
grade. The lubricating# electrical, and chemical properties of
)EL.L--608C indicate that it may be used as a general purpose
fluid for depths down to 8000 feet. All of its properties
deteriorate rapidly when it becomes contaminated with seawater.
Its corrosion inhibiting properties are so poor that ball bear-
ings in moving machinery rusted in MIL-L-6081C contaminated with
seawater. Its fla mability properties are marginal. While its
initial dielectric properties are good, it shows a rapid drop
in dielectric breakdown voltaqe with sea-water contamination.t This makes it a questionable choice for any electrical appli-
cation.

L.

L.

r!

L

I
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Propertioe of M1L-L-608lC(1)

(Ntrolem mao Fluid)

V lscoiet r c P r opor ti Metho
Viscosity, centiatokes, ate , F 100 F 1O F

0 p~is 53.73 10-69 5.8
3.00 poig 93.56 15.43 6.50 See NSKVI

5.0 ag139.7 19.771 'T.81 Annftpoli s i-.i
8.000 puig 228.5 28.98 11.15 KATL.A'

10.000 Faig 323.6 37.37 13.3515,000 P619 778.6 1,9.84 21.98
20.000 psi 1834 129.9 36.23

Viscoelty, o-mtlstokes, at 2100 P. 2.51 ASh D-4'.o-
0 PleI

V tVL tyO loMI AIR 0-.83_ -

4u Vm Ts.30 win. 50 C. * Td.Mrhulý ClkJ
52100 stool. vr4 neaor dis., (mod Ified)

110 1 kg

54 0.-43
15 kg 0.70

Rollin? COMtaCt ftt-igue TFet, hr.
810 ife, Dry 33-5With III mynthetie 15.3

9 1ter
350 life. Dry 135.4

with 1%6 T thitic 28.7

Corrosion Protect!on
Stirred Rust ,'est. 10%1 s5water. Fail AS1 D-U-
1IO* r , 2 days

On-Off Rust Test, 50% seawater, Fail See Chapter -

140' F, 50 days Test C-5
Ambient Pressure, coupon See Chapter '
stirred, corrosion te st, weight T ost C-i

Copper -2.6
Stainless St**l. 316 + !.c
Copper-Mickol (70-30) - 0.1
Aluminum. QQ-A-250-4b +185.2(2
Phosphor-Bronxe -54.2
Stool, galvanized -661.
Steel, 1(009 -74.7
Alusminus, QQ-A-250-11 -60.5

Ronal + 0.4

S3lver Base brazing Alloy -5.4(2
20,000 PSIG Pressu•v'-Cycled See Ch

1
aiste.

Corrosion Test •%I seawateCri, Test C-2
weight change, mq

Insulatod Specimnsi
Copper
Stainlesa Ste*!. 316
Copper-Nickel (70-30)
A I,= un I un, _•A -n 60 -4b
rboap?.or-bronze

s•eel, galvanised -
Ste._, 1009l. -

1roni - -
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I] Allminum Qg.A.25O-Ab
Copper..5ckol 73c

stialese ?,tool 316

Silver lM.S &rahing Alloy-
steel. 100

41mimm 90-A-250-11

Altmtmin QG-.A45CA-

steel. 100tr

*tlnleePS e Stired orsl.Se hpe
Toot. vo -ib ekele (7030

p Aluffilum. QQ-A.PkO.Ab

stool, 441Vanize
Steel. 100

Silver ames. grazing Alloy
Ileetrically Coupled Specimens,

Aluminum. QQ-A-21,.A-b -

Comper-Nickel (7o-'Ao)

Stainleso steel OWl6)
Phoephor-flronz.

Silver bass brazinq All,,

Xroflze

AlumlinumQQ-A-7AO.4

[Im SNtel 109Pr~posed military

Avera~,iv Weigjht Loae. M4,Xýfcto '

Steele Buear. r. '[ICorrosioni Coupon*'. WeIqht I-.Ytroo l e ar 

sea-vt, em s,
Copper

Aluminum

Silzvr Base:ra:-, Alloy 0 JO
flDielectric prFrtie --d-I.7V Feaii o am-cm, fe 1 1' S _

A -tasce. ed (0) Tex~l st E-1.
With Sea-Matcr Contavr-I~s :,Ln; ýi. -x101

2 
j See Ch.aptvr

O.25%w t/vol.
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Method

Dtalectri- Propertiis (Contt
A~ft. 50,(= Itlcri-Arcs iSee Chapte, 2

(makes and break&) at 90 ?eat E-7
výolts, 10 amperes, reels-
tive load

Not filtered 2. OKlO

Filtered 1.9,12
Solids generated, 4rla 0.70

Dissipation Factor, 7* r, % See Chapter
As Reeie id v) 1.0 Tot E-2
With Sea-Mater Contmoinati_..) 3.7 See Chapter 2

O.1% by voium Twat :-5
0.5 by volume

=! I2.O% by volume
With Carbon Contamination, too Chipter

0.10% vt/vol. Teat Z-6
0.25% wt/vol.
0.50( vt/vol.

After 50,000 Electric Arcs
(makes and break&) at 90
volts, 10 mmperes, resis-
tive load

Not filtered 0.3
Filtered 1.0
Solids generated, . ra

Dielectric breakdow- Voltage, ASTM D-877 (std-
0.05-inch gap, 7'8* F, kv ified). See Chap-

As received 20.5 tor 2. Test E.-5
With se%-water contaixnati, <5.0 See Chtptir ?

Toot E•-5

0.154 by volume
2.0% by volum

with carbon contamination: See Chapter

0.10% wt/vol. Test E.-6
0.25* wt/vol. ~
0.504 vt/vol.

After 50,000 electric arcs
(makes and break2) at 9C
volts, 10 amperae. resis-
tive load

Not filtered 17.6
Filtered 22.8 -

Solids generated. ira-
Contact Life, silver-cadmium, 5 See Chapter
volts, 10 amperes, reslstive Test Et-8
load. 6000 psi. 65"-85" F

Number of* tc:lts
OoeratIons to faIlure i

Emulsion Stabillt
Paddle Teos, after 1-hour ie- .STM D-*-C!

tlingz
O'Il, ml .
Emulsion, ml
Water, ml 42 -

Electric Probe Test, time ror •' See Chapter
water separattor, min Toat E--

naterial Comat hlit static 2 ! See Chapter
S~.t' lPoor 0 _-.

Dun& X Good

- .- opY lera !Poor

t r n' f :- ' ,T -Fair

*_"pal m,' o_ _ _ i • -,-_p_. I .__.. ...

oi t.. Žemcpv.. r ae



Me thod

VolatilitySY~~ox ic ity ptrlu

Density. grams/cubic centimeter, at: 100, "
o paig 0.8812 0.856T 0.- 880 See N!r1D-

3.000 psig 0.8905 0.8671 0.8501 Annapolis Report

5.000 psig 0.8959 0.87/;0 0.8576 M,@'/LAD 350

S8.000 pslg 0.9041l 0.881 0.84577

10.000 ps__ 0.9092 0.8884 0.873,8
15.000 paig 0.9200 0.9--03 0.8871

2o.- 0 paie 0n304 &.9112 a.8992,toothrl * conpesbiiy volume 35- F 90"- F 150" F

lddecrease. m. berSee NSRDL
0 psig Annapolis Report

3 .000 pslq i.04 1.18 1.42 MATLAB 3!4

5.000 psig 1.64 1.91 2.29

08.000 pai 2.54 2.91 3.4210.000 psig 3.08 3.48 4.10
15.000 psig 4.22 4.T3 5.53
70.0O00 psiq %.2Q s.86 6.80

-- OxidatBintability Test. 1O0* AS'F 4 D-94"
hours to failure

oxidation Stability Test o 250r F Fed. Method 5308

ydrolytic Stability Test Military specifih

£Specime3 chnge, mg cation fIL-r.-Spa.imen appear.•nce 19457B

Fluid acid number increase.
mg RON/'gram fluid

water acidity. mg pDH~Insolubles.
Thermal Stability Test

Fire Resistance

Flash Point. 6F or705 AST D-92

Fire Point. e F F ASTM D-92

oaafer5 ignition aemperaturL.
High-Pressure Spray Combustor See MEL Report

Minimum spontaneous ignition e1/66 of March

temperature. i F 197SMinimum reaction temperature.

Sindication of firer , 2 r oir
Maxistrs pressure change, psi

Lowest temperature of m-rximum

n pressure change, mF
Temperature range explored. OF

Misceflaneous Properties

Pour Point, 'F <-70 ASTM D-97F•oaming Tendency, 75" F ASTM D-892

Dafter 5-minute aeration,

Timo e oiut, minutes I
Foam after 10-minute settling,ymlNet-tralization Number, mg X•DN/gram 0 -(5 ASTM D-974

Water Content. % by eight 0.o0k AST" D-1744

Neutrality. qualitativO, Fed. Method 5101

S~Contamination
Nubr and size of particles and SAE Methed ARP-

fibers in 100-ml fluid 598
25-100 micrometers
100 -500 micrometers

•jover 500 micrometers
particles over 2r0O microm-
eters except fibers (length
ton times diameter)

Gravimetric Value. mg/100 ml SAE Method ARP-78c

Specific gravity at 60/60" F 0.89 ASTM-D-1298
Color ASTM D-100

Cost $/gal $0.75
.Availabil ity IGov. speci

'IDeteriainations made at atmospheric pressure. unless noted. Saturated with seawater.

2Heavy dsposits, indicates corrosion not shot by weight change. 4•Races and balls severely rusted.

Entire oil circulating system clogged with Ait.
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Suj~pplowantary Prop~rtief of OUL-L-6081C(I)
?Potro1.us Baia___ fluid)_

F~et~ai o~a~~za~tj ~method
"Rtsiial omos."biity ithtseechapter 11

*Rased ti atmospheric pressure date.
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I ~MIL-H-W683C

5 Suggested Uses and Possible Limitations

I The fluid covered by Military Specification MIL-H-6083c
is a low-viscosity, petroleum-bass fluid which was developed as
an aircraft and missile hydraulic system preservative. It has
the same visoco~etric properties as MIL-H-5606B fluids, but was
not intended as a working system fluid and lubricant. The
properties of I41L-H-6083C indicate that it can be used for all
mechax,•cal purposes at depths to 20,000 feet with good corro-
sion protection and sea-water emulsifying abilities. Its
lubricating ability is marginal and it is highly flammable.
Low electrical resistivity and high dissipation factor make it
a questionable choice for any electrical application.

ti
I
K
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Properties of iNL-1H-6083C( 1 )
(Petroleu laas Fluid)

MethodViscometr ic Proeretties' "
Viscosity. high shear. ca. 4t" 1009 F 150 F

0 paig 0.W 1 77 .27
3.000 ps g 43.35 15.66 9.24 See NSRDL
5.000 psig 55.28 18.64 10.75 Annapolis Report
8,000 poig 77.65 24.30 13.45 4ATLAB 350

10,000 psig 101.6 28.59 14. 0
15.000 prig 173.9 42.57 21.99
20.000 pig 311.7 63.64 30.- 0-

viscosity. low shear, ca. at. - " F 100 F 210F
o pig T49 .00 15.80 9.T0

3.000 peig 74.17 21.42 11.92
5.000 psig 92.71 26.05 14.62
8,000 psai 136.8 33.94 18.92
10.000 pai; 175.3 39.51 22.13
15.000 psig 325.6 61.13 33.53
20,000 psig 591.2 93.77 48.27

Viscosity, centistokes, at 210' F, ASTm i,-44'
0 paig 4.39

Viscosity Slope, ATS 0.ý&4
Lubricating Ability

4-Ball Wear Test, 30 min, 50" C, Fed. Method 6503
52100 steel, average scar dia., (modified)
MMS 1 kg 0.12

3 kg 0.15
5 kg 0.16

Rolling Contact Fatigue Test, hr:
910 life: Dry 20.0

with 1% synthetic 14.5
seawater

B50 life: Dry 50.6
with 1% synthetic 22.0
seawate(3)

Corrosion Protection
Stirred Rust Test, 10% seawater, Pass ASTM D-665

140' F. 2 days
On-Off Rust Test, 50% seawater, Paab See Chapter 2
140' F, 30 days Test C-5

Ambient Pressure, coupon See Chapter 2
stirred, corrosion test, weight Test C-I
change, mg

Copper -20.5
Stainless Steel, 316 - 0.1
Copper-Nickel (70-30) - 4.6
Aluminum, QQ-A-250-14b - 1.1
Phosphor-Bronze -15.4 -
Steel, galvanized -11.4
Steel, 1009 + 0.3
Aluminum, QQ-,%-250-l1 + 0.3
Bronze - 8.4 -
Monetl 0 -
.ilvsr Base S:azing Alloy - 7.1

20,000 PSIG Pressure-Cycled See Chapter 2
Corrosion Test (1% seawater), Test C-2
weight change, aq

Insulated Speciimens:
Copper - 6.8
stainless Steel, 316 0
Copper-Nickel (70-30) - 0.4
Aluminum, QQ-A-250-4b - 0.1
Phosphor-Bronze - 0.8
Steel, galvanized - 0.1
Steel, 1009 - 0.2
Aluminum, Q0.-A-250-iI - 0.1
Bronx*1.
ionel - 0.2
Silver Base &ra sing Alloy -0 _____-44
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MU- t hod
Corrosion Protection cont)5ElJtcrti.ally Couple )prc.m&,ks

Copper-Aluminum, QU-A-250-ll - 0.8 -0.1
Aluminum QW-A-250-4b - - 0.2 -0.5
Copper-Nickel (70-30)

Moneal-Bronze - 0.2 -0.5
Stainless Steel (516) - 0 -0.6
Phosphor-Bronze

Silver Base Brazing Alloy - - 0.3 -0.1
- Steal, 1004

Aluminum QQ-A-250-l1 - - 0.1 -0.8
Bronze

Aluminum QQ-A-250-4b - 0.1 0
Steel, 1009

20,000 PSIG Stirred Corrosion (10% *a water) See Chapter
Test. weight change. mg Test C-4

Insulated Specimensa
Copper - 0.1
Stainless Steel. 316 - 0.2
Cooper-Nickel (70-30) - 0.3
Aluminum, 0Q-A-25-/4b + 0.1 .
Phosphor-Bronze - 0.6
Steel, gialvanized - 0.7 ~OSteel, 1009 - 0.6 ~
Aluminum, OQ-A-250-11 - 0.7 -
Bronze - 0.4 ~
Monel - 0.6 -
Silver Base Brizing Alloy - 0.6

Electrically Coupled Specimens:
Copper-Aluminum, UQ-A-250-11 -0.4 -0.1
Aluminum, QQ-A-250-4b - -0.2 -0..

Copper-Nickel (70-30)
Manel-Bronze +0.2 0
Stainless Steel (516) - -0.2 -0.1
Phosphor-Bronze

Silver Base Brazing AlIc' - +0.1 -0.3

Steel, 1009
Aluminum, QQ-A-l50-ll - +0.2 +0.9

Bronze
Aluminum, QQ-A-250-4b - +0.2 +0.A
Steel, 1009

Pump Test Proposed m:litary
Average Weight Loss, mg specification for

Steel Gears 3 sea-water emulsi-Bronze Busa ings 3 fying oils

Corrosion Coupons, weight loss,
each, mg/cm2

Copper
Aluminum
Steel, galvanized
Steel, 1009f Silver Bame Brazing AlloyL Dielectric Properties ASIN D-1169 rmod-

Resistlvity, 71ý* 1, ohm-e1: ified). See Chap-
As-Received 4.OxlOl1 tet i. Test E-i

r- With Sea-Water Contamination: See Chapter 2
I 0.1% by volume Test E-5

L} 0.5% by volume
2.0% by volume

With Carbon Contat-nations See Chapter 2
j 0 .1% wt/vol. Test E-6

0.25% wt/vol.
0.-5 wt/vol.
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Method
D~eloctric Proprties Coant

After 50.000-lectri'c Arca gas Chapter
(makes and breaks) at 90 lest E-7
voltu, 10 asperea. resis-
tive load

Not filtere4 2 lO --
Filtered 2. aMO 10

Solids generated, qram 1.00
Dissipation Factor. 740 Y. f See Chapter 2

As-Received 6.1 Test 9-2
With Sea-Water Contaminaticno gee Chapter 2

Test Z-5
C.5% by volume(

2
)

2.0% by volume(
2

)
With Carbon Contaminations see Chapter 2

0.10% wt/vol. Test E-6
'25% wt/vol.

0.50% wt/vol.
After 50,00n Electric Arco

(makes and brt-aks) at 90
volts. 10 amperes, resis-

tive load
Not filtered 10.2
Filtered 10.7
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-7 (mod-
0.05-inch gap, 74- F, kv ified). See Chap-iAs received 25-5 ter 2. Test E-5

With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With carbon contaminations Soo Chapter

0.10% .tt/vol. Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered 14.0
Fil :erod 26.5

Contact L~fe, silver-cadmnium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 65*-85' F

Number of tests
Operations to ;i-alure (range) 72-404

Emulsion Stability
Paddle Test, after 1-hour set- ASTN D-I40I

tling:
Oil, ml 40
Emualsion, ml 1
Water, ml 39

Eloctric Probe Test, time for 20 See Chapter 2
water separation, min Test z-4

Material Cometibili-,y Static 2ONPSI See Chapter
Butyl Poor Test C-3
Duna N Fair-Good
V•ton 5 Good
Ethylone-Propylon Poor
Tetraflucroethylene (Teflon) Good -
Neoprene Fair
Thiokol
Silicone Poor
FIuoroesl cone ____

3aeed on atmospheric preosure data.
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J lot A I ity
Y !i t2 • "tgolow

R ,nLI. grams/cubic centimeter, at,$3 r'0 peig 0.88 0.85 0.see 25)L
X00 Pqi' 0.8795 0.8560 0.8B88 Anitpolis Repott
5.000 psig 0.8859 0.8630 0.8472 DEATLI 5'k8.000 ps i 0.8W4 0.87T29 0.8573
1O.000 paig 0.9003 0.8786 0.8680

15.000 poly 0.9122 0.8915 0.8773S20,000 pa iq 0o.92 54 0.9029• 0.8898
" s, o t h e r m, l C m r o s s i b i l i t -y , v o j i l m - - r9- . l 0 r-
decrease, %, at, NS4DI

B0 p •: 
Ann: pol0i oelFit

80,000 pslg 2.79 3.37 7.24lOO0pag .39 3.79 4.93
15.ooo paig 4,.65 5.15 5.93

Chemical sta&Eiit

OxidationStbltTot 04r
hours to failure

Oxidation Stability Test, p50" F
Hydrolytic Stability Test Melstat' }ec

if Specimen change, M. cation MIL-H-
Spec men appearance 274'7B
Fluid acid number increase,

mg KOH/gram fluid
Water acidity, mq KOH
Insolubles, %

Thermal Stability Test
Fire Resistance

SFlash Point, F 230 ASTh D-1-
Fire Point. 'P 235 ASTh D-JfiAutoqeneoua Ignition Temperature. F ASI) D-f 5"
Hiqh-Pressure Spray Conbuator See M•I Report

"Minimum spontaneous ignition Si/M66 URepor

temperature, *F 
5/67

Minimum reaction tempezature,

No indication of fire, -F
Naxi]Jm pressure change, psi
IASet te*merature of maximum
pressure chan111e, . F

Temperature range explored, 'F
NPc Ilnour P roF tz
FouramoingTendeny, 7' F ASTM D-077

45
Foam after 5-minute aer&tion,

ml

T"mýe out, minutes
Foam after 10-mintite settling,

ml

Neutralization Number, mg KoH/gram AS1 D-)74
Water Content, % by weight o.0 o ASTM D-,174

Neutrality, qualitstiv* 
Fed. Method -744

Contamination
Number and size of particles and SA Metho Mi.-
fibers in 100-ml fluid 5<1

25-100 MicrOmeters
100-5M0 micrcmet~rs -
over 500 mixrr tera s

particles over 250 microm-
*tars except fibers (lopIth

ton tirms diameter) SS~~~Gravvmtric Valu*, wq/ilO•O rA, I~hd R

Specific gravity at 60/6o' r .AF 'Itthed

Color 
D-1216

Coet '$/gal -'AS'M -lfi Avai labi l._____ti

1
0eteorwintions made at atooe•pieric pressure, unless noted. Saturated with seawter,
'No rust observed,



5 l•amamts,- PgWertiem of IUL-9-6o3c( 1 )

Method
___&A €m t x With. Chate r 2

-M WO Dest C-)
W40a m8 Pool

mz-N--608X fluld at 1000 psi, 23 al of 9" (Aeasured at ateoapheriC pressure and 77' F) was
pro4we" by 115.000 arcs, with no arc suppression, at 50-volt open-circuit voltaq* and 5-ampere
cloeed-circit curre•t on the contacts.

.Saeod on stonepheric pressure data.
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M.LT-L-5085A

St,,S gstoed Uses and Possible Limitations,

I The fluid covered by MIL-L-W5A is a synthetic-base mate-
rial usually consisting mainly of esters of dibasic organic
acids. It has a low volatility and was developed for use as an
aircraft instrument lubricating oil. The atmospheric pressure

- viscosity of MIL-L-6085A would lead to the prediction that it
might be a satisfactory general-.purpose fluid down to depths of
8000 feet. However, this fluid provides some limited corrosion
protection. It is hydrolyticall' unstable. The low electrical
resistivity and very high dissipation factor make its use
questionable around electrical equipment. Before this oil is
used in any application, the designer should consult a list of
compatible materials available from the manufacturer.
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Proprtle of IUL-L-608•(l)
(IYMthetiC !;se Fluid)

Net hod

VIscometrc P ropet1es
Viscosity. centiatokes, at; lOG' F 150 F

0 peig
3.000 poly See NS14DL
5.000 peig Annapalis k.port
8.000 psig ,AThLW,_ 0

10.000 psiq
15.000 peig
20.000 p819

Viscosity. cantistokes, at 1004 F, Ie.7

Viscosity, centistokes, at 210" T. 3.31 AsTm 0-44,,

0 pSIg
viseosit" slop*, AETK 0.709,

Lubricating Ability

4i-i Wear Test, 30 min, 50' C. Fed. hethud 6,.C,
52100 steel, average scar dia., (.dif~ed)

1 kg

5kg

Corrosion Protection

Stirred Rust Test, 10% seawater, I$IAS D-.
140' F, 2 lays

On-Off Rust Test, " seawater, See Chapter 2

10*0 F. 50 days Test C-5

Ambient Pressure, coupon See Chapter 2

stirred, corrcion test, weight Test C-i

change, ng

Copper -225 3
Sta-nless Steel, 316 0

Copper-Nickel (70-310) - 2.6
Aluminum. Q -A--•. -Ab - 0.2

Phosphor-Bronze - 47.4
Steel, galvan:zed - 1.I
ýreel, 1009 - 4 -

Aluminum, 0O-A-250-11 0
8-:-onze- .

Silver Base Brazing A'loy .

20,tX)C ýSIG Pressurs-Crycle,$ 5. C e

Corrcts'n Test (it seawater), Test C-2

Insulated Spec• ens;

Coppe r
Starnle2. Steel. 16

Copper-S c kel (70-30)

Phvopho r -5 non -- 1l
Stool, ql•.e

steel, I ce.<q

!ronze

Sil-,vr 7tý.ae rAi.' L~ __
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C,"m'iton Protection (Cnr.t)j•" ,t rkcally Coupled Spe•imens:
Copper-Aluminum. W.-A-.2'O-.l
Aluminum W-A-,0-4b -

Coppet-Nicke (70-30)
None t-B ronze
Stainless Steel (116)

Phosphor-Bronze
Silver Base Brazing Alloy -

Steel. 1l00
Aluminum QO-A-••0-l1 -

Bronze
Aluminum QQ-A-250-4b -

Steel. 1009
-0.000 PSIG Stirred Coxý:osion See Chaptet

Test. weiqht chanqe. mq Test c-4
Inbulated Specimens:

Copper
St~sirless StseeL. 5.16

Copper-N :..kel (70-50)
Atuminum. QQ-A-250-4b
Phosphor-Bronze
Steel. Ijalvanized
Steel. 1009
Aluminum. 00-A-250-1
Bronze
Monet

Silver Base Brazinq Alloy
Electrically Coupled Specimens:

Copper-Aluminum, Q•-A-250-11
Aluminum. QQ-A-2ýO-

1
Th -

Copper-Nickel (70-30)
None l-Bronze
"Stainless Steel (.i16)) Phosphor-Bronze
Silver Base Bra!iinq AIJo -

Steel. 1009

Bronze
--- A Aluminum. QQ-A-_P. 'b -

Steel. 1009
Pump Test Proposed militazy

Average Wekgl.t Loss.•nq specification for
Steel Geacs sea-water e faus•-

SBronze Bushings fying oils
Corrosion Coupons. w^-irht loss.

eachk. mg4/cr
Copper
Aluminum
Steel. galvanized

Steel. 10C'•)

Silver Base Braziag Alloy
D ielectric Proprties ASTh D-16I (mod-

Resistivity, ified). See Chap-
As-Received 8.ox10

0  ter 2 . Test E-1
With Sea-Water Contamination: See Chapter 2

0.1%r0 by,• volume Test E-5
0.5% by volume
2.X' by volume

With Carbon Contamination: See Chapter 2
0.1% vt/vol. Test E-6t o.215% wt',ol.

0.5% vt/vol.

1i
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Method

Dielectric Properties (cýnt)

After )0,000 Electric Arco See Chapter 2

(makes and breaks) at 90 Test E-7

volts. 10 amperes. reisis-
tive load

Not filtered
Filtered
Solids generated. qram,

Dissipation Factor, 60 ?* . See Chapter V

As-Received >60 Test E-2

With Sea-Water Contaminations See chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With Carbon Contaminations See Chapter

0.10% wt/vol. Test E.6

0.25% wt/vol.
0.50% wt/vol.

After 50.000 Electric Arcs
(makes and breaks) at 90
volts. 10 amperes. resis-

tive load
Not filtered
Filtered
Solids generated, gram

Dielectric Breakdowr. Voltage, ASTN D-_87 (mod-

0.05-inch gap. 78' F. kv ified). See Chap-

As received 26.8 ter 2. Test E-3

With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2

0.10% vt/vol. Teat E-6
0.25%6 vt/vol.
C.50% w/'vol.

After 50.000 electric arcs
(makes and breaks) at 90
volts. 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated. gram

Contact Life. silver-cadmium. 50 See Chapter 2

volts. 10 amperes, resistive Test E-8

load, 6000 psi, 65*-85" F
Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTH4 D-1401

tling:
Oil. ml 8
Emulsion, ml 72

Water. ml 0

Electric Probe Test, time for See Chapter 2

water separation. min Test E-4

Material Compatibility Static 201KSI See Chapter 2

Butyl Poor Test C-3

Buna N Fair -

Viton B Good -

Ethylene-Propylene Poor -

Tetrafluoroethylene (Teflon) Good -

Neoprene Poor -

Thiokol
Silicone Fair

Fluorosilicone Good_"__
flased on atmospheric pressure data.
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Method

Volat iI ity
Tom'l•x te I ty SSynnthe t i€

DSt, qtAMS/CUb•6 centimeter, at: Se" F] -107SR
0 psig See NSRL

.5,000 psig Annapolis Report
5 ,000 paiq MAITLA 31.0
8.o000 psig

10,000 psig
15.000 psig
2,0.000 Pe!.

Isothermal cowpressibil ty. volume _F " 150• F
decrease. •. at: See NSIRDL

o. psig Annapolis Fc'port
3.000 psiq HATLAJ 550
5.000 psig
8,000 psil

10,000 pslg
15.000 psig
20.000 psi.

Chemical Stability
0 xidation Stabtlity Test. 2O3 F, ASTM D-941!

hours to failureOxidation Stability Test. 250* F Fed. Method 5108

Hydrolytic Stability Test Military apeciti-

Specimen change. mg cation NIL-11-
Specimen appearance 19457O
Fluid acid number incre~ise.

mg KD0R/gram fluid
Water acidity. mg KOH

Insolubles, It
Thermal Stability Test

Fire Resistance
Flash Point. .F 385 ASTH D-92

* "• Fire Point.. F 440 AST -92
Autogeneous Ignition Temperature, OFj ASTH D-2155
High-Pressure Spray Combustor See MEL Report

Minimum spontaneous Ignition 31/66 of March
temperature, OF 1967

Minimum reaction temperature,

No indication of fire, OF
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, *F

Temperature range explored, OF
NMiscellaneous Propert, es

Pour- Pcint. F <-70 ASTM D-97
Foaming Tendency, 75" F ASTH D-892

Foam after 5-minute aeration,
•--" ml

Time out, minutes
Foam after 1O-minute settling,

ml
Neutralization Ne.aber, mSg KOH/gram ASTM D-974
Water Content. % by weight ASTM D-1744
Neutrality, qualitative Fed. Method SiCi
Contamination

Number and size of particles and SAE Method ARP-
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
"eters except fibers (length
ten times diameter)

Gravimetric Value, mg/100 ml SAE Method ARP-78!
Specific gravity at 60/600 F AST,. D-1298
Sei Color ASTM D-1500

Cost $/gal $10.00
Availability gov. $Pei•.

IDeterminationa made at atmospheric pressure, unless noted.
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II MIL-L-7808a

Suggested Uses and Possible Limitations

The fluid covered by MIL-L-7808G is a synthetic-base mate-
rial. It was developed originally as a lubricating oil for air-
craft gas turbine engines. The atmospheric viscosity indicates
that MIL-L-7808G would be a general-purpose fluid with a depth
capability of 5000 feet. This fluid provides some limited cor-
rosion k.:otction, It has poor hydrolytic stability. Caution
should be used in applying this fluid to electrical equipment
since its resistivity and its dissipation factor are borderline,M• and no data are presently available under arcing conditions.
Before using this fluid the system designer should consult a
list of compatible materials available from the manufacturer.

1iI't-
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properties of IL-L--78007L)

(Synthetic u.se Fluid)
_L ,•Me thodViscometric Properties

Visco3 y. centitokei., ats P. 7 L00 F iSo"

0 paig
,.NOO paig - -e 'SESWL
5.000 psig Annapolie Rcport
8,000 paig ATLA3 3ý5o
10.000 psig
15,000 paig
20,000 psig

Viscosity. centistokes, at lj0" F, 17.30
Viscosity, centistokes, at 210* F, 4.50 ASTM D-445

0 psig
Viscosity Slope, AS724 0.629

Lubzicating Ability
lV--alWear Test, 30 min, 500 C, Fed. Method 6503

52100 steel, average scar dia., (modified)
mm:

1 kg
3 kg
5 kg

Corrosion Protection
Stirred Rust Test, 10% seawater, Pass ASTM D-665
[o0* F, 2 days

On-Off Rust Test, 50% seawater, See Chaptex
140' F, 50 days Test C-5

Ambient Pressure, coupon 3ee Chapter 2
stirred, corrosion test, weight Test C-I
change, mg

Copper
Stainless Steel, 316 -0.1

Coppe:-Nickel (70-30) -0.1
Aluminlm, QQ-A-250-4b -0.1
Phosphor-Bronze -0.8
Steel, galvanized -1.0
Stree, 1009 +0.1
Aluminum, QO-A-P50l1! -0.1
Bronze -0.8
Monel -2.6
Silver Base Brazing Alloy -0.4

20,000 PSIG Pressure-Cycled See Ch;,pter
Corrosion Test (1% seawater), Test C-2
weight change, mg !

Insulated Specimerns:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-J4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250-]I
Bronze
Monel

Silver Sase BrazinAlloy.__.__
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CotrostunProtection (Cont)[

Electrically Coupled Specimens-
Copper-Aluminutm, VV-A-?50-11
Aluminum QQ-A-P50-4_b -

Copper-Nickel (70-30)
hine 1-Bronze
Stainless Steel (5.16) -

Phouphor-hronzr

Silver Base Brazing Alloyo-

Steel, 1004
Aluminum Q,-A-250-l1 -

Bronze
Aluminum W-A-250-4b -
Steel. 10o-ý

20,000 PSIC Stirred Corrosion See Chapter 2STout. weight change, mg T~est CA4

Insulated Specimens%
L) ~ Copper

Stainless Sttelo 316
Copper-Nickel (70-30)

Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized -
Steel, 1009 -
Aluminum, QQ-A-250-11r
Bronze
Monel
Silver Base Brazing Alloy -

Electrically Coupled Specimens:
Copper-Aluminum, 00-A-.'P 1'
Alominum, QQ-A-250-4b -

Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (516) -

Phosphor-.Bronze
,, Silver Baese Brazing Allo -

Steel, 1009
Aluminum, CQ-A-2¶'0-1] -

fBronze
Aluminut,,, Q00A-A.c2--4b -

Steel, 1009
rump Test Proposes military

Average Weight Loss, mg specification for
Steal Ge~ rs sea-water emulsi-I . Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm

2

Copper
Aluminum
Steel, galvanized
Steel, I00ý)

Silver Base Brazing Alloy

Dielectric !.r ies 1 ASTM D-1169 (mod-
Resistivity, 76r3, ohm-cmi 2.2xlO ified). See Chap-

As-Received •er 2. Test E-1
With Sea-Waterc Contamination: See Chapter

0.1% by volume Test EC 5
0.5% by volume
2.0% by volume

With Carbon Contamination: See Chapte- 20.I1% wt/vol. Test E-60.25% wt/vol,.
0-5% wt/vol.
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Method
Dielectric Prope rtes (cont)

Aftis 5W,000 Electric Arcz see Chapter 2
(mý'Iea arA areaks) at 90 Test 2-7
volta. 10 amperes, resis-

tive load
"6.• filtered
filtered

Solids generated. gram
Diasipation Factor, 76* r, % See Chapter 2

As-R'sceived 5.5 Test 3-2
With Sea-Wateor Contamination& Sos Chapter 2

0.1% by volume - Teat 3-5
0.5% by volume
2.0% by volume

With Carbon Contaminations see Chapter 2
0.10% wt/vol. - Toot E-6
0.23% wt/vol.
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volta, 10 amperes, resis-
tive load
HoL '-iltersd

Filtered
Solids gentrated, gram

Dielectric Breakdown Voltage, ASTM D-877 (m'od-
0.05-inch gap, 766 F, kv ified). See Chap-

As received 25.6 ter 2. Test E-3
71ith sea-water contamination: See Chapter 2

0.1% by volume - Test E-5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2
0.10% wt/vol. - Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 50,000 eloctric arcs
(makes and breaks) at 90
volts, 10 amperes, reasis
tive load

Not filtered
filtered
Solido qeneratad, gram

Contact Life, ailver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Teat E.8
load, 6000 psi, 65*-856 P

Number of tests
Operations to failure (range)

Emuleion Stabil't
Paddle Teot, after 1-hour set- AsTx D-1401
tling:

Oil, ml 2
Emulsion, ml 78
Water, ml 0

Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

material Compatibility Static 20KPS1* See Chapter
Butyl Poor Teot C-3
Duna N Fair
Viton D Good
Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
Neoprene Poor
Thioke I -

Silicone Fair
Fluoromilicone Good __ _

dBased on atmospheric pressure data.
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Cog -ixo ion Protect 'on (Cont)
Llectrically Coupled Specimensi

Copper.Alumii.wut, •A- 50-11
Alumin-um Wg-A-V50-4b-
Coppe r-Nic,-kelI ( 70 -30)

Ione l-Bronze

Stainless Stee" (516) -
Phosphor -Bronzt,

Silver Rase Brazing Alloyp-

Steel, 1004
Aluminum QQ-A-2W0-11 -
Bronze

Aluminum W-A-250-4b -
Steel, 1009

20,000 PSIG Stirr.. Corrosion See Chaptei
Test, weight change. mj Test C-4

Insulate- Specimens:

Stainless Steel, 316[1Conr-Nickel (70..30)

Aluminum, QQ-A-250-4b b
Phosphor-Bronze
Steel, galvanized

Steel. 1009
Aluminum, QQ-A-250-1 I
Bronze
Monel

Silver Base Brazing Alloy
"Electrically Coupled Specimens:

Copper-Aluminum, ( -A-250-1ll
Aluminum, QQ-A-250-4b -

Copper-Nickel (70-30)
Monel-Bronze
Stainless Steel (516) -
Phosphor-Bronze

Silver Base Brazirnq Allr,

Steel, 1009
Aluminum, QQ-A-K5C-ll -

Aluminum, QQ-A-,> C..4b -
Steel, 1009

Pump Test Proposea military
Average Weight Loss, mg specificat ion for

Steel Gears sea-water emmulsi-
Bronze Bushings lying oils

Corrosion Coupons, weight loss.
each, mq/cm

2

Copper
Aluminum
Steel, galvanized

Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM D-il6&] (mod-
Resistivity, 7 F, ohm-cm: 2.2x10 0  

i fied). See Chap-
As-Received ter 2. Test E-1
Witit Sea-Water Contamination: See Chapter 2

0.1% by volume Teat E-5
0.9% by volume
2.0% by volume

With Carbon Contaminations See Chapter 2
0.1% Wt/vol. Test E-6

0.25% vt/vol.
0.5% wt/vol.
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:Method
Dileoctric ru~irties (ot

After W• W Arco See Chapt.& 2

(makes and breaks) at 90 Test 3-7
volts. 10 aO Ces. reels-
tive load

not filtered
Filtered
solids generated, gram

Dissipation Factor, 760 y. % See Chapter 2
As-Received 5.5 - •est -2
with Sea-Water Contaminations see Chapter 2

0.1% by volume - Teot 9-5
0.50 by v'olws
3.o0 by volume

With Carbmo Contaminations see Chapter 2
0.100 vt/vol. - Test Z-6
0.25% wt/vol.
o.W% vt/vol.

After 50.000 Slectric Arcs
(makes and breaks) at 90
volts. 10 amspereo, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Dielectric Mreakdown Voltage, ASTH D-877 (mod-
0.05-inch gap, T60 r, kv ifiad). See Chap-

As received 25.6 ter 2. Teat E-3
With sea-water contaminations See Chapter 2

0.1% by volume - Test 2s-5
0.5% by volume
2.0% by volume

With carbon contaminations Sea Chapter 2
0.10% vt/vol. - Test E-6
0.250 wt/vol.
0.50. t/vol.

After 50,000 electric arc%
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filterad
Solids generated, gram

Contect Life, silver-cadmium, 50 See Chapter 2
volts. 10 amperes, resistive Test -.8
load, 6000 psi, 65o-850 r

Nuimber of tests
Operations to failure (range)

Imul 1sion Stabil it•

Paddle Teot, after 1-hour set. ASTH D..-14o1
tlings

Oil, ml 2
iulsion, ml 78

Water. ml 0
Bloctric Probe Tc -t. time for See Chapter 2

water sepa.-cjon, min Teot EA
Material Com tibility static 20XPSI* See Chapter 2

Sbutyl Poor - Test C-3
Dun& 0 Fair -
Vito• Good "
Ethylene-Propylone Poor
Tetrafluoroothylene (Teflon) Good
Neoprene Poor
Thiokol
Silicone Fair
rluoroallicone 'd .. _ _ _

eased on atmospheric pressure data.
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Vo lat I I I t •

Taxic It ~hot c

Dnst.m L ,iamalcubio ventifftel. it; 60' r___ Ie iLRD10 puti'-
_. 00 ps I Annapolt.! I s .1,,I

1,000 psig r KATLAI "
8,000 ps I',

10.000 Pal')

10,0OO ps Ig

15,000 putg

20,000 ps ___

Cthe!mial SICorl bi. ilitt, volume Se, .....decreato n, aiit:,S -').D
0 psIlg Ann,qxl~l, I q i,I

3,000 pstg MATLAb •(

hour0o0 psaiur
8,000 pSIj

10.000 poig
15,000 psiq
2°0,000 ps•,•

Chemical Stability
oxidation stability Test, 2)03* F. A.STM D-)i,

hours to failure

Oxidati-o Stability Test, 250' F Fed. MNtthod'7
Hydrolytic Stability Test Milita,.i>, F -

Specimen change, mg 0.11 cat iuth MIL-It-

Specimen appearance satisjh,(, 1)A4 7
Fluid acid number increat(o, 0.20

mg KOH/gram fluid
Water acidity, mg KOH_0
Insolubles, % nil

Thermal Stability Test
Fire Resistance

Flash Point, 'F 415 AS'l -

Fire Point, *F 445 A)TM D-ý)'
Autogeneous Ignition Temperature, OF AS.' D-• 1•
High-Pressure Spray Combustor See MNL- P{eplt

Minimum spontaneous ignition 51/06 , -ch

temperature, *F P (Y
Minimum reaction temperature,

'F
No indication of fire, 'F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, F

Temperature range explored, 'F
Miscellaneous Properties -

Pour Point, 'F 4- 0 AS'I4 D-17

Foaming Tendency, 75' F ASTh D-')"

Foam after 5-minute aerat-on,
ml

Timue out, minutes
Foam after 10-minute settling,

ml
Neutralization Number, mg KO1igram I'LI D-)""

Water Cort,!nt, % by weight ASTM) )- 7W

Neutrality, q4ualitative Fr~i. MNutitm.iI:

Contamination
Number and size of particles andSAE M.t ,
fibers in l00-ml fluid ")C

2 -100 micrometers
100-500 micrometers
"" er 50C nmicrometers

piý icles ove'r 2'O micrcm-
et2rs 2xcept i.bers (length
-en times diometor) ,

G tra .lmo, tric Valui, m V'"( ( ml At: NI I. AlF, I'-

Steci! tc gravity at t10 tI'F A IS-.1 D I
C. |r ASTM D)- 1

LAvailab lutI -_-______ -

Dt a i' sa(l., at. aumo3pheric pressuor,, unlesn no eA

!I - 9



Supapemotary Properttie of M1L-J.-6OaV(1)

_______________ ithlNthod

Niaterý,! CntLbLl~ty LLth A"e Chester•-

Natural Rubberor 
Test C-

Polyurethane Poor
lune U Poor

asased on atmospheric pressure data.
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Mratestd Uses Mud Possible Limitations

fte fluid covered by the Military Specification MIL-L-
78'T is a petroleum-base fluid developed for a low-temperature.
gq raSl-purpOSe lubricant. The atmospheric pressure viscosity
of IL-L-870& would lead to the prediction that it would be
suitable for a general-purpose fluid for depth capability of
8000 feet. Its resistivity is low and its dissipation factor
is high, making its use around electrical equipment questionable.
It offers same limited corrosion protection. The low flash
and fire points indicate that this fluid is readily flammable.

1
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J ~iii .61I



Properties of KXL-L.7870A•"l)

(Periloeus bass Fluid)

Method
V i s c ~ Yt r t P o e r t i e s

V' ity.• tistok*, &tt 3 lOO* r 1500 F0 psiq

3.000 poig See NSRDL
5.000 psig AnnapoIis Report
8,000 psig )ATLAB 350

10.000 psig
15.000 pstg
20.000 psig

Viscosity. centistokes. at 00)0 IF 10.3
visosity. centistokes. at 210" F. 2.52 AsT D-445

0 peigviscosity Slog. *STM 0,927 -_ o

Lubricat iD Ability ...

a Wear Test. 30 min. 50 C. Fed. Method :503
52100 steel. avrage rear dia.. (modified)

I kq
3 k9
5 kg

Corrosion Protection
Stirred P,.,: Test. 10% seawater. Pass AsTh D-665

1i0" F. 2 days
on-Off Rust Test, 50% seawater, See Chapter 2

140* F. 30 days Test C-5
Ambient Pressure, coupon See Chapter 2
stirred, corrosion test, weight Test C-i
change. mg

Copper -39.7 -
Stainless Steel, 316 + 0.1
Copper-Nickel (70-30) - 2.0
Aluminum. 00-A-250-40b + 0.2
Phosphor-Bronze -12.8
Steel, galvaniztd - 0.6
Steel, 1009 - 0.4
Aluminum, 0Q-.-250-1l + 0.4
Bronze - 6.6
Nonel - 2.2
Silver Rase Brazing Alloy -10.3

20.COO PSIG Pressure-eycled See Chapter 2
Corrosion Test (1% !sawater), Test C-2
weight change, m9g

Insulated Specimenst
Copper -
Stainless Steel. 316
Copper-Nickel (70-30)
Aluminum. 00-A• 250•4b "
Phosphor-Bronze v
Steel, galvanized -
Steel. 1009
Aluminum. 'Q-A-250-11 -
Bronte
Ronal -L;

Silver Base Brazing Alloy
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i( C L ,o• on ,,tit•.., io (•'!•)Mt t hud

Lh.cl I tc.l ly Coupl.."'I S'

Aluiimm W-A4: ,o-b -• ~Coppet -N keke I ( Y- !O_)

l%,ne I -Bronze
Stainl su Steel (116)

P'hosp {hor _ -ro~n.

SlIver Bame Bt.tetno Alloy -S~S teel, 1004t

Aluminum Q.-,A--I. 1 -
pronre

.- steel. IM-)

M.000 PSIG Stirred Corrosion See Chapter
Wa-t, wei,iht chanje. m-n- Test C-4;

insulated Specimens:
Copper "
Stainless Steel, 316
Copper-Nice el (70-30)

' Aluminum. QQ-A-250-4b
Phosphor-Bronze
Steel. ja lvanized
Steel, 1009

~ Aluminum. I
Bronze

Mlonel
• "•Silver Base Brazing Alloy

I Electricall7 Coupled 3pecimens:
Copper-Aluminum. Q-A-250-I
Aluminum. QO-A-2',O-4b-
Coppe r-N ickelI (70-30)

Mone l-Bronze
Stainless Steel (516) -

Phosphor-Bronzc
Silver Base Brazinq Allot:
Steel. 1009

Aluminumn Q-A-. 0-ll -

Bronze
Aluminum. QO0A-,`CO-4b-
Steel. 1009

Pump Test Proposed military
Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-
Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each. mg/cm?

Copper
Aluminum

Steel, galvanized
Steel. 1009
Silver Base Brazing Alloy

Dielectric Properties ASIM D-1169 (nod-
Resistivity, 780F. ohm-cmt ified). See CLS'a-

As-Received 7.6xI09 ter P. Test E-I

SWith Sea-Water Contamination: See Chapter 2

0.1% by volume Test E-5
0.5@% by volume
2.0% by volume

SWith Carbon Contaminatont See Chapter 2
0.I1] wt/vol. Test E-6

0.25% wt/vol.
0.5% wt/vol.,.
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Me t h, -1
ULeI'tLh Pipe t I. ...I.tJ 1

. .... A - , (--lev,'t r ic Ai.s See Chapter 2
(mrkes anJi Ieaks) at 90 Test E-7

1ia,0 m[)ieien, es

Ni~t Ii :itirtd
N t lteued

Solids genetated, gtam
D)s!iipat on Factor, '(81 F., 4 it See Chaptt i

As -Rece ived Test E-2'
With Sea-Wator Contaminations See Chapter m

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With Carbon Cuntamination: See Chapter ?

0.2r% wt/'ol. Test E-6

(.50, wt/vol.
After ')0,000 Electric Arcs

(makes and breaks) at 90
volts, 10 amperes, resis-
ti~e load

Not filtered
Filtered
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-
8

77 'if.d-
0.05-inch gap, 780 F, kv ified). See Chap-

As received 30.4 ter 2. Test E-5
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2
0.10% wt/vol. Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generaued, gram

Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-P
load, 6000 psi, 65o-85W F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTM : -1401
tling.

Oil, ml 2
Emulsion, ml 78
Water, ml 0

Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

Material Compatibility Static 20PSI See Chapter 2
Butyl Poor Test C-3
Buns N Good -
Viton B Good -
Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
Neoprene Fair
Thiokol I
Silicone Fair
Fluorosilicone Fair _

"Based on atmospheric pressure data.
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I k'%.e . I I C. p "... 'l " I ....
-2*- ` - t. 1. 7i . 'L L I

*O •h *LN :(. •-I HJ:R.L

P ',00,' psii

t CC' p.i t"e

Ch.mc.il S'Li; AI Lt!I"

Oxidati~on St.ilL, l V,. "l't.•t "'0 F, .,S'I'N l-:i
txht(N On Sti bi L. TIt. I,' l.A ti .I, ,

Lp-' t'f'l .h'lf.in *' rntj C•ati~n N~iL-li-

Suoz Lrl(*n aipp.~.I LancO 194' 'YI

Fluid zctd nur-'.Žr c'incvs.
Z't IOIL/<Iram fluid

Watct acsdity, q.t

Insolublos. ,
Thermal Stability 'rest

Fire Res t stnCe
Flash Point, TF 285 AST>F t-c:'

Fire Point, °F 510 ASTr- D-T)
Autoqeneous lqnit [on Tempe rat.,re,F AS'Ih. D-4 1t[
!Iiqh-ProssurO Sprayl Coribustor P-i.3 p, -:L Ri'n~it

Minimum spontaneous intiton Cation b2121-11

teperature, 'F I 9L7
Fidimum re.,ctiL n tempelature,

No indication 'f fIre, UF

Maxioum pressure change, psi
Lowest temperature of maximum
pressure chanie. 

0
F

Temperature r'nge explore23 AF

Misce11ane1ous Proper-ties
PFur Point, *F .- 70 ASTX D-97
Foaming Tendency. 75T F AST:-' D -,I

Foam aster 5-minute aeration,

ml
Time out, minutes
Foami after lO-einute settling,

ml
Neotralization Number, mg 'FiI/gram ASTN D-97'

Water Contei~t. ,
5 

y weight .ASThI D-1744I
Neutrality, qualitative Fed. Nlethod fiC]
Cantamina t ion

Number ard sire of particles and SAE method AhP-
fibers in r 0u-ml fluin d 598

P5-100 micrometers
i00-500 micrometers
over 500 micrometers
particles over m 50 mitrom-
eters excuit fibers (lentlit

ten times diameter)
Gravimetric Value. img/1O0 ml SAE Mc~thod APIP- y•
Specific qravity at 70160e F 0.86 ASTM D-I 98
Color I ASTM D-1574

Cost r/gal q1.30 0 M

Availabil ity QOV spec.-
Cneterminations nade at atmospheric pressure, unless noted.
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Supplementary Peoporto. a of KIL-L-7187oA(l)_______ 
_See, withChapter 

2Dun& S Poor 
Test C-3Nat~ural! Rubber Poor

Polyu re thane Good

*Based on atmospheric pressure data.
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MIL-C -888c

Sugested Uses and Possible Limitations

The fluid covered by Military Specification MIL-C-8188C
is a corrosion-inhibited, synthetic-based oil which was devel-
oped as a corrosion-preventive oil for the preservation of
engines which operated on MIL-L-T808 oil. it has poor hydro-
lytic itability. The viscosity of MIL-C-8188C lads to the
prediction that it could be used at depth capability of 6000
feet. Its poor dielectric properties make it unsatisfactory
for use in electrical equipment. Before using this fluid, the
system designer should consult a list of compatible materials
available from the manu"facturer.
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P1i rutpCI of C 1L C H IhC(

(Synthutic base Fluid)

V I ScN t ¶ j" e

-n'tio, tke4s, at: F lo I F M' l

8.0 ,O0 ps LT MTA1 .
ICO I' pstl

():)(Ik ps I I Arat I I

"1 C,0 t) t)S lIf
0' .000 p~j I'I

Viscosity, centistokes, at 1000 F, 114.14
Visc sity, centistokes, at 210 F, 5.90 ASTrM D-4•'
0 psi•

Viscosity Slope, AS'IM 0.6.45
Lubricating Allility

4-Ball Wear Test, 30 min, !)0* C, 1,( d. Mi thud "

52100 steel, average scar dia., ( I, iif lid)
mun:

I hg
5 kg

c•kq

Corrosion Protection
Stirred Rust Test, 9Jý seawater, AST I V -6 P

1400 F, 2 days
On-Off Rust Test, 50% se'w*.tez, See Cha ter

140' F, 50 days Test C-1
Ambient Pressure, coupon See Chapter 2

stirred, corrosion test, weight Test C-i
change, mg

Copper -27.6-
Stainless Steel, 316 0
Copper-Nickel (70-30) - 9.4
Aluminum, QQ-A-250-4b 4 0.3
Phosphor-Bronze -12.7

Steel, galvanized - 1.7
Steel, 1009 0
Aluminum, QQ-A-250-11 + 0.2
Bronze - e ,
Monel - 1.8
Silver Base Brazing Alloy - 7-7

20,000 PSIG Pressure-Cycled See Chapter 2
Corrosion Tejt (1i• seawater), Test C-2
weight change, ng

insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)

Aluminum, Q0-A-50-4b -

Phosphor-Bronze
Steel, galvanized
Steel, 1009

Aluminum, QQ-A-25O-ll
3ronze
Mone 1
Silver Base Brazinq Al o . ..... . .. . .....
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C t

S -A I * .~-A- CI I

A4lumxtoI m '.. -A-: 10C-4b

it., I -I t

-t 'r It l:, sI

Atmiu v -- V I I -V

Al I um Ir '.. -A. 0- 1 1i

kl; t. * 1 * In '

0, OOC~ t.." 10 S t Il t icd Cot I i *ett INe 1 :

It s N we ~jtit Thn u-' Tut' C -14

S t .. i n Iss i t l"1

Alurinkurn.QŽ--hU

I'ho~tpheL-Bx

Bronze
Honel1
Silwvr Base .it II nq f All mn

Elect ric~al1ly Coul led SpectLiemN:
Coppcr-Alumninum. Ž--,-

Coppe r-Ni ck" y0, c
Monel -Bronze
Stainless StcQl ,16 - I
Phoqphor-Bron)::

?ix -E.se B3iwinq A0I.
St~ei. 1001'

r. ronzo

Alumrinum-. - -- -b
itool. 100C?

Pump o_--tPrnposudl ilfla:-
AveraI,: Weiq;ht Lo'ss. :*ij sTrCfLCaI1 .1

Steol Gears s--w.-.ter :u .-

Bronze Bushir',-ý fyiunq oilIs
Corrozion Coupo~ns, weiqht loss,

each. ing/cin'
Copper
Alumninum
Steel. galvan~zed
Steel. 1009
Silver Base Brzazin I Alloy

Dielectric Properties ASTY! D-116-3 1_70d
Resistivity. 7'8 F. ohm-cm: 8ifle~I) . .7c- C!hZ%:;-

As-Received 7.8xl08 te:- 2. T,?st E-1
With Sod-Water (7onta-_.:tiJ~ nn: See Chapter V

0.1% by .,alurne Test E-5
0-5~ by volumc

Sby v~oluire
With Carbon Contzuninat ion: Set: ChIapter

o. wt/vol.
0.5:1_wt/vol.________ _________
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Dielectric Pt rties (Cont.) M hod

After W.000 Electric Arco See Chapter P

(maken and breaks) at 90
volts. 10. arperes. resis-

tive load
Not filtered

Filtered
Solids generated. gram

Disaipation Factor. ,ý* F. >60 See Chapter 2

As-Rece jed Tost E.2
With Sea-Water Contaminations See Chapter 2

0.1% by volume Tnst Z-5

0.9% by volume
2.04 by volume

With Carbon Coktaminatiint See Chapter 2

0.10% wO/vol. ' Test E-6

0.25% wt/vol.
0.50% W,'/vol.

After 50.0C0 Electric Arcm
(makes and breaks) at 90

Solts. 10 aAperes. resin-
tive load

Not filtered
Filtere l
Solids qznrted, gram

3ielectric Breakdown Voltage. ASTM D-1377 (mol-
0.05-inch gap. 780 F. kv' ified). See Chap-

As received 25.2 ter 2 . Test E-3
With sea-water contanination: See Chapter 2

0.1% by volume Test E-5

C.5% by volume
2.0% by volume

With carbon contamin&tion: See Chapter 2

0.10% wt/vol. Test E-6
0.25% --t/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life. silver-cadmium, 50 See Chapter 2
volts, 10 ampere-, resistive Test E-8

load. 6000 psi. 6 5 0-85* F
Number of tests
Operations to failure (range) I

Emulsion Stability I
Paddle Test, after 1-hour set- AsTM D-1401

tling:
Oil. ml 40
Emulsion, ml 0
Water, ml 040

Electric Probe Test, time for See Chapter 2

water separation, min Test E-4

Material Compatibility St.1tic 20XPS See Chapter 2

Butyl Poor Test C-3
Buna N Fair
Viten B Good

Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
Neoprene Poor I
Thio0ol1
Silicone Fair
Fluorosilicone Good_-

*Based on atmospheric pressure data.
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t y + I .' t' ', tr .:• - t k l.

• ,0(V ps kg[ An',p+ * i• I+ ;, I.,E

"•hUQ-�0 |s- M .ATLAII +
i!• :i + C2'Z lsi ,I

1 ,•000 psiq

01,00 psi. Te 0, F
Chcr 3 .1 i, SAT..At\" ,O

i• S.O00ps I')
10 , O-- [is +,!

1.0 ps tg

Weh, icz.l Stb•Jtv:IiS

Oxidation Stability Test. . ' F. "I.'ll TM-I12hou.:. to failute

Oxidation Stability Tot, st XI'*C F "d .. ')., v(

Hydrolytic Stability Test Nfl t., ;'+c -

Spe:. Lien change. mg cation
Spe-:c'imen
Fluid acid number increase,
m• IWOH/qrain fluid

-" ~Water -'+idity, mq; W11~
Iln+olhbles, •.

Thermal Stability Test
Fire Resistance

Flash Point,, 'F 1455 ASIM D-11,

Fire Point, 500 AS*F 5-00
Autogeneous lgnitiot TemPeri5tu0e, 0 AS1.', D
lHigh-Pressure Spray Combustor .Se13•c+L RI'porl

Minimum spontaneous rInition I]/• of M:reh

temperatu-:e. *F 1967
Minimum reaction temperature,

"F
No indication of fire, *F

MX;ximum pressure change, psi
Lowest temperAture o. maximum
pressure change. F

Temperature ranqe explored, *F
Miscellaneous Propertes

Pcir Point, F .- '5 AS1I 0-27

Foaming Tendency, 75' F ASTI-N D-'23)
Foam after 5-minute aeration,

Time out, minutes
Foam after 10-minute settling,
Sml

Neutralization Number, ng FDI1/gram AS-n% D-97,4
Water Content, % by, weight AST• D-1744
Neutrality. qualitative Fed. Nethod I C. I

Contamination
Number and size of particles and SAC Mcthod APRP-

fibers in 100-ml fluid 598
25-100 micrometers
100-500 micrometers
over 500 micrometers _
particles over 250 microm- I
eters except fibers (length
ten times diameter) J

Gravimetric Value. mg/l00 ml SAE Method ARP-78'

Specific gravity at 60/60°F 0.933 ASTM D-1298
A Color ASTM D-]500

Cost $/gal $5.30 -_

Availability hov. sPe_.
Determinations made at atmospheric prassure, unless noted.
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3upp,2montary Proportize of NXL-C-818C(')
M• e thod _

,MaterialI Coaatbilt with Saw Chapter 2.
NaturalI Rubber Poor Test C•-3
Po lyurethcne, Poor

Runs S Poor

*Based on atmospheric pruemure data.
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MIL-F-111'

Suuggebted Uses and Possible Limitations

The fluid covered b, Military Specification MIL-F-17111 is
a petroleum-base fluid which was developeJ l as a hydraulic fluid
for ordnance hydraulic systems. The visicosity at atmospheric
pressure of MIL-F-17111 leads to the prediction that this fluid
would be a satisfactory general-purpose fLluid to depth capa-
bility of 5000 feet only. It provides some degree of corrosion
protection and it is highly flammable. Initial dielectri2•
properties are good, but additional information relating to its
electrical application is l-,king.
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Properties of MIL-F-l(ll111

('etrolem Base, Fluid)

V S UOrmnt lt I' I jý42 t lesI i
Vi -Ls it y, cent ist okes, at : 5'o F 1)O' F 10' F

C:~' I'si'

3,00C pshg hute NSHDI,
",1•00 ps 'l Arineppo1 i.• keol I

8,000 ps tg MATIAb 5'•0
iO.000 ps I'

1'•000 psI')

:'0,000 ps tg

Viscosity, centistokes, at 100o F 28.8
Viscosity, centistokes, at V10' F, 10.14 ASTM D-44

1,
C ps Lg

Viscosity Slope, ASTM 02 -i

Lubricatin Ability
-- Ta wear Test, 30 min, 50' C, F-d. Method 650'
ý2100 steel, avfrage scar dis., (modified)
mm:

I kg
3 kg
1) kg

Corrosion Protection
Stirred Rust Test, 10% seawater, pass ASTM D-665
1400 F, 2 days

On-Off Rust Test, 50" seawater, pass See Chapter 2
140' F, 5C days Test C-5

Ambient Pressure, coupon See Chapter 2
stirred, corrosion test, weight Test C-I
change, mg

Coppcr +0.1 -
Stainless Steel, 316 0
Copper-Nickel (70-30) 0 -
Aluminum, QQ-A-250-4b 0
Phosphor-Bronze +0.2
Steel, galvanized -0.9
Steel, 1009 -0.4 -
Aluminum, QQ-A-250-11 +1.5
Bronze 0 -Monel -0.2 i
Silver L3ase Brazing Alloy -0.4

20,000 PSIC Pressure-Cycled See Chapter 2
Corrcston Test (17 Geawater) , Test C-2
weight change, mq

Insulated Specimens-
Copper
Stainless Steel, 316
Copper-NickeI (70-50)
Aluminum, UQ-A-2

t
O-4b

Phosphor-Bronze
Steel, galvanized
Steel, 1&(ý -

Aluminum, QQ-A-7cP0-11
BronzeMonel 1

Silver Base Bri .'ir Alloy'__
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Io T t" I. .. .

I

tM, 1 -1,.

Alw"tni:r ",-A-.• -?Ib -

+; ri'• I 4 - a.' " n: . 'Ix ~ +t

SZI It Ok

A I.

Aluni:tina ý.,-A-:" C-b -

S?, ; 1' .ls 1•t r r e, C, I t,, on l0 seaw tor) See C.'Iat'CZ

"Le* ,, I J! h It. it- Test C-14

S ir ln l,--, S ? -ý t,1 '16 •L.

Cop.per-Niekel (7- -50) +0.3
A t t ntinu, QN., -A -G- 0b 4+0.1
P h Phohr-r-oren*e 0
Stee-l. Ilvantzed +0.3
Stir-- I. •0• +0.2 -
A Ium % ntum. L(X -A - 1-ll +0.1

[i +cinze +0.4 -
NInel +0.1
Silve r Base Brazin.! Alloy -0.3

,oElectrically Coupled Specimvy.:
Copper-Aluminum. ,&-A-.'-O-11 +0.1-0.1
Aluminum, Q.-A- *C-4j- - -0.1-0.1

Copper-NIckel (70-'Ol
Mone I-B ronze -0. 0.2

Stainless Steel (516) - +0.1 0
Phosphor-Bronze

L Silver Base Bra;- nq Alic. +0.1+0.2-
Steel. 1009

Aluminum, QU-A--0_-11 - 0 +0.3

Bronze
Aluminum, bQ-A-,b -

Steel. 1C09 -0.1 0
Pump Test lPrapNscd .x1 t .

Average Weight Loss , specification for
Steel Gears 6 sea-watr.r e-uls:-
Bronze Bushings 25 fying oils

Corrosion Coupons, weight loss. -
each. mq/cm'

Copper O.O1

Aluminum 0.03
Steel, oalvanized 0.25
Steel, 1009 0.05
Silver Base Brazing Alloy 0.03

Dielectric Properties ASTM D-1169 (mod-
Resistivity, 77- F, ohm-cm: 8.2x10

1 1  
ified). See Chat,-

As-Received ter 2. Test E-1
With Sea-Water Contamination: Chapter 2

0.1% by "olume Test E-5
0.5j by volume
2.0% by volume

With Carbon Contamination: Chapter
0.1% wt/vol. Test E-6
0.25% wt/vol.

0 5 wt/vol.
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Mtt hod-

Attt5-T'bTT EIlectrTc ZA,.:s Test E-7
(makes and Lzee'kv) at )o

volts, 10 ampet es, lests-
t , "vI toad

No)t t*ilteieva
r Fitltered

Sollius jleak,.,ated. {liam~
Dtias i pat Ioil Fac to 1, 't/=F. 4 See ChiApt,.r ;As-io, i ved 1.9 rest E -;

D itI. Itd-W i tto Cuntamtox atinj See Chapter r
O.l' by volume Test E-ý

0.5. by volume
2.(Yf by %o'ume

With Carbon c. ýitaimination: See Chapter2No. 1 wt/,. 4, Test ;:

0 .7?),( wt/vo I.
0.50% •t/vol.

After 1)0,000 Electric Arcs
,makes oind breaks) at 90
volts, 10 amperes, resis-

tive load
Not filtered

Filtered
Sjlids qenera ted, gram

Dielectric Ireakdown Voltage, ASTM D-877 (mod-
0.05-inhi gap. 77- F. kv ified). See Chap-

As received 23.2 ter 2. Test E-3
With sea-water contav.ination: See Chapter 20.I, by volume Test E-5

0.5% by volume

2.0% by volume
With carbon contamination: See Chapter 2

0.l0% wt/,vol. Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(make. anr. breaks) at 90
volts, i0 amperes, resis-
tive load

Not filtered
Filtered

Solids --ene-.2ted, gram
Cortact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 65'-85' F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Tect, after l-htur et- ASTM D-1401
tling:

O11, mi 1
Emulsion, ml 79
'Watr, ml 0

Electric Probe Test, time for See Chapter 2

water supzrat-on, nir. 
Test E-4

Material Compatibility Static 2OKPS See Chapter 2
Butyl Poor Test C-3
flune N Fair-good
Viton B Good
E

t
hy ene-Propvlne Poor

Tetrafluoroethylene (Teflon) Good
Neoprne Fair
Thiokol
Silicone P-.or
Fluorosilicone Pr"*8ased on atmospheric praessre d.ata.
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VI atiit. Pt

Tox t: I t y Pet reoleumi'~ ~ !ý P_"--••E Iramszcubic C.- ;;;to•,,. ýti ,-;-r, i.'-'-r•- .......... -o..........

0 pai.. jTA ' ',0

8,ON') p-i AI

10,000 g•,.

___ __ ____ IIO~ e sb lt'..VýU

• ]oC0 psi_ Ann_____1,h IO,,p);rV

*3.000 psi ,II

10 . C p
t J 15,000 psig

20.000 pbi i_

Chemical Stability

oxidation Stability Te st. 203' F. n-'114 I.A

hours to failure
oxidation Stability -est. 250" F Fed. Method !C)OP
Hydrolytic Stability Te-sr Yiilitary spcif-

Specimen change. mg cation NIL-Il-
Specimen appearance 194r7-l
Fluid acid number increase,
m K M/gram fluid

Water acidity. mg M.11
Insolubles, 5C

Their.--I Stability Test
L.J Fire Resistance

Fl?.sh Point. *F >220 AS-,. D--'
Fire Point. *F >235 AST.% -r-.

j I Autogeneous Ignition Temperature.*F ASTr D->235c,-

High-Pressure Spray Combustor See -T2.L ';ýeort
Minimum spontaneous ignition 5j/ ' -,f • .Ch

temperature. *F 1967
Minimum reaction temperature.

No indication of fire, *F
Maximum pressure change, psi
Lowest temperature of maximum

pressure change. *F
t Temperature range explored. *F
U Miscellaneous Properties

Pour Point. 'F <- 4 0  AS7N D-97
Foaming Tendency. 75o F ASTM D-8912

Foam after 5-minute aeration.
ml

Time out, minutes
Foam after 10-minute settling,

: ml

Neutralization Number, m Dg DH/gram ASTM D-9714
Water Content. % by weight 0.010 ASTh D-17411
Neutrality, qualitative Fed. Nethod 5101
Contamination

iNumber and size of particles and! SAE Method ARP-
Sfibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
"over 500 micrometers
particles over 250 microm-

L-j eters except fibers (length
ten times diameter)

Grayimetric Value, mg/100 ml SAE Ncthod ARP-785

Specific gravity. 60/60*F 0.856
Color AST?4 D-1500

Cost $/gal $3.00

,Availability ov. Be!.

lDeterminations made at atmospheric pressure, unless noted.
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Supplemnt.a-, Properties of MIL4-17111(3)

| ... ethod2

HatarL&I Compatibility wit%., See Chapter 2

Dun& S Poor Test C-3

Natural Pe, r Poor

namoa iratmos~neric pressure data.
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MIL-L-17672, MS 2110-TH

Suggested Uses and Possible Limitations

The f'uids covered by MIL-L-17672 are petroleum-base fluids
which are intended for use as hydraulic fluids and light steam
turbine lubricants. The fluid described here is Military Sym-
bol (MS) 2110-TH. Although MIL-L-17672, MS 2110-TH, is used in
present-day submarines, its high viscosity eliminates its use
in most deep ocean applications.
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Properties of NIL-L-176729, KS2110TH(I)

(P troloem Base rF1id)
Mtý;t hod

Viscometr ic Ptuoper t Ie_•a
Viscosity. cent ist,,kes, at: 350 F I00' F iC

0 psti I8.i 35.68 12.69
3,000 ps"1 628.4 59.?3 18.71 Se(- NSRDL
).000 ps tI 9814.4 79.88 ',4.4ý' Annapol is-(,

P.000 Ps i 1776 125.4 35.15 MATLAB •50)
10,000 psig 262b 167.0 44.76

15,000 ps1g 554163C,, / 534.1 80.04
`0,000 pst 117,4oo(E' 660.8 140.9

Viscosity, centistokes, at 2100 F, 5.35 ASIM u-'441i,

0 psotg
Viscosity Slope, ASTh 0.771

Lubricating Ability I_
4-B'all Wear Test, 30 min, 500 C, Dry Seawater 1% Seawater Fd. Me-thod 6107

52100 steel, average scar dia., Dry Wet (modified)
Mm: Dry arjon Oxygen Argon Wet Oxygen

5 kg 0.17 - 0.31

I0 kg 0.24 - 0.38 0.60
20 kq 0.27 0.57 0.41 0.64
V0 kg 0.72 0.62 0.65 0.70

Corrosion Protection
Stirred Rust Test, 10% seawater, Pass ASTM D-665

140* F, 2 days
On-Off Rust Test, 50% seawater, Fail See Chapter e

140* F, 30 days Test C-5
Ambient Pressure, coupon See chapter 2

stirred, corrosion test, weight Test C-i

change, mg
Copper -2.7 -

Stainless Steel, 316 -0.7
Copper-Nickel (70-30) -1.7

Aluminum, QQ-A-250-
4

b +0.1

Phosphor-Brooze -.2.1

Steel, galvanLzed -6.5
Steel, 100( 0

Aluminum, QQ-A-250-11 -0. I
Bronze -2.0
Mone 1 -0.3

Silver Base Brazing Alloy -2.1
20,000 PSIG Pressure-Cycled See Chapter

Corrosion t ( 1% seawater), Test C-2

weight change.
Insulated Spec ,mens:

Copper
Stainless Steel, '16
Copper-Nickel (70-N)'
Alumrinum, QQ-A-,2r-14b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Alumrium, 0Q-A-5.0-I -

Bronze
____e_ n _ ___ -___ -__ 'y
Silver Pise ba~zinO A lloL•____
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, ~C,,rros lon 1", kt~cv iin (Cotm ) . .

I' 1y*t p 1v,, u d S ': IMelts

Aluminum VV•-A-h 0 -,O-,;b
C,pp[• .ýri ke I(7 0

-b .io~neec•I .";~St,,t less Sttet (-. )

[*ho.'spho x - Bro n.,

Silver H.'Ls. lt.,.:t~n Alloy -

Alurzinu- C A-:Q-tl -

fp Bronze

A I kin i hum V-A-10_-4b -( -J Stee l. tO09

1OOtX' 1'SLG Stirred Corrosion See Chapter ?
T Test. wt iqjht ch.an.e, inq Test C-4t

Insulate. Specimens:
Copper
St.iinless Steel. !fI
Coyper-.Nickel (70-0)
Ahum..num. QQ-A-250-4

1
b

Phosphor-Bronze
Steel. jalvani7ed
Steel. Iece,
Aluminum, 0Q-A-•5•-11 l
Bronze
)Monel
Sxlver Base Brazing Alloy

Electrically Coupled Specintils:
Copper-Alumin,:,. QQ-A-: IC-11
Aluminum, QQ-A-25-4b *S~Copper-Nickel. (70-70)
Mone 1-Fironze

Stainless Steel (516)L Phosphor-Bronze
Silver Base Bra.zini Al" -
Steel. 1009

• Bronze
Aluminum, QQ-A•--C- ,b -

{j Steel. 1009
Pump Test Prc)pcs(.l 7- a

Average Weight Loss, n,9 spc ci'aatxcn .cn,
Steel Gears 13, sea-watcr cmulsi-
Bronze Bushings 480 fyinci oilIs

Corrosion Coupons, weiqht lo-ss.

each, mg/c=
2

Copper 0.0 O
"Aluminum 0.05 "
Steel. galvanized 0.01
Steel. 1009 o.o0 -
Silver Base Brazing A1hoy 0.02

Dielectric ProL>erties ASTV: D-1169 (mLod-
Resistivity, 72" F, ohm-c=m: ified). See Chap-

As-Received 4.1
, clO1 ter V. Test E-I

With Sea-Water Contamination: Chapter 2
0.1% !:.y volume 5.4x4lO1 1  

Test E-5
0.5% by v,;lume
2.0%C by volume

With carbon Contamination:!3) Chapter 2
0.I% wt/vol. Test E-6
0.25% vt/vol.
0.5% wt/vol.

LJ
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I Meth•.d
ULele vttic Pro pertie a Co nt)

After I)0 WElectric Arco See Chapter -

(makes and braaks) at 90 Test E-7
volts, !0 amperes, teais-
t lw. load

Not filtered 8.6xI0 11

Filteted 4.2XI0 1 1

soiuds generated, Iram I.33
Dissipation Factor, (2- y, 4 See Chapter

As-Rece Lved 1.0 Test E-•'
With Sea-Wa.ter Contaminations 0.9 See Chapter

0.1% by volume - Test E-5
0.5% by volume
2.0% by volume

With Carbon Contaminations See Chapter 2
0,10% wt/vol. Test E-6
0.2ý% wt/vol.
0.1,01% wt/vol.

After ",0.0O0 Electric Arcs
(makes and bretka) at 90
volta, I0 amperes, resis-
tive load

Not filtered 1.6
Filtered 1.2

Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, 72* F, kv ifled). See Chap-

As received J3? 15.3 ter 2. T es t E -_
With sea-water contaminati n_ 5.5 See Chapter 2

Test E-,

0.¶'1 by volume
2.0%, by volume

With carbon contamination: See Chapter 2
O.l0C wt/vol. Test E-6
0.25* wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered 10.7
Filtered 22.1

Solids generated, gram
Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-3
load, 6000 pai, 65-.85* F

Number of tests
Operations to failure (range)

Emuls ion Stability
Paddle Test, after I-hour set. AjZTM D-14CI
tling:

t• ulsion, m! 0
leater, ml I4

Fle,:tr~c Prob- Test, time for 18 e Chapte,

*.,ater separation, min Test E- 4
!:i.•rmal Compatmbiiity" Static ŽOKPSl' See Chapter 2

Butyl poor rest C-3
Buna N
V.'on B Good
L thylene-Propylene i Goodr
Tetrafluoroethylene (Teflon)
Neoprene Fair

"Based on atmospheric pressure data.
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Vo Iatilit

• _ tt ________ - Petroleup

R-ina ity )jtjmslScubic c.ent imetet, t- im 7000-1-
0 psij o.3866 0.o.8632 0.- * Sue NSkU

M.0O ps.I' 0.8958 0.8755 0.8588 Annal.,]i%, ktp,,
M,0)O psll 0.901o4 0.8196 0.8656 RhTLAl 'I,0
08.(.w pSI'l 0.9092 0.88(9) 0.8"(47

10.000 psi,, 0.9140 0.8933 0.8805
15.W psi; 0.9213 0.9050 0.8928

RS ___ 0___ 01~7 0.ý2l5( 0.9ýYsi-I.,.t'--he-- m.1--T Co,, C,. s •bi lty,, v,,l,,me W', r - -T -F- -TL,"r

JQrcase. 4. at: Stee NSPDI.
0 psi Ann.almOi Ru'x•II

,. ,000 psig 1.03 1.14 1.40 MATIAD ,
'.000 psij 1.64 1.80 2.17
,•.000 psi.1 2.48 2.73 5.19

10.0m PsIq 3.00 3.29 "83
15.000 psi. 4.11 4.53 5.15
"0o.e\X% psiq 515. 5.62 6.yi__

Chemical Sa~l•
oxsdatn Rab lity Test. 20,* F. 1000+ ASTM D-9lO

hours to failure

Oxidation Stability Test, 250' F rt.d. Method ,

Hydrolytic Stability Test Military s|puci -

Specimen change, rq cation MIL-Il-
Specimen appearance 194tB
luid acid number increase.
mg MDR/qram fluid

Water acidity. mg QOH
Insolubles. %

Thermal Stzbility Test

Fire Resistance

Flash Point. -F 360 AST* D-q
Fire Point, *F 585 ASTM D-92
Autogeneous Ignition Temperature.F 690 ASIT D0-21c!
High-Pressure Spray Combustor See W.EL Peport

Minimum spontaneous ignition 453 51/66 45 o ,rch
temperature. *F 1967

Minimum reaction temperature, 425

No indication of fire, *F 425
Maximum pressure change, psi 325
Lowest temperature of maximum 453
pressure change, *F

Temperature range explored. *F 425-479
Miscellaneous Properties

Pour Point, °F -15 ASI. D-97
Foaming Tendency. 75' F 40 ASTH D-892

Foam after 5-minute aeration,
ml

Time out, minutes 1
Foam after 10-minute settling, 0

ml
Neutralization Number, mg NDH/gram 0.02 ASTM D-974
Water Content. % by weight 0.015 ASTS D-1744
Neutrality, qualitative Neutral Fed. Method 5101

Contamination

Number and size of particles and SAE Method ARr-
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
p over 500 micrometers
ovparticles oer 25 microm-

eters except fibers (length

ten times diameter)
Gravimetric Value. rag/b00 ml SAE Method AlP-'8•

Specific 3ravity at 60/60* F 0.8c
Color 1.5 ASTM D-l')00

Cost $/gal $0.60
Availability clo, s-

1Determinttions made at atmospheric pressure, unless noted. %Extrapolated value. "Saturated with
seawater.

1II 1-83



Supplementary of Propertall of NZL-J-1?723., MS ?110THO•)
_(Ptro loum Dae ?luid)

Metho~d_
Material Compatibility withl Seo Cha ter 2Test C-S

Duna S Poor
NHatural Rubber Poor
Polyurethane Good

"Based on atmompheric pressure data.
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MIL-S-21568A

Suggested Uses and Possiblb Limitations

The fluid covered by MIL-S-21568A is a 1-cs viscosity
dL'nethyl 1polysiloxane fluid. MIL-S-21568A has been superseded
by Federal. Specification VV'-D-001078. Since there is no 1-cs
viscosity fluid covered by N7I-D-001078, the older specif'ca-
tion which contains such a fluid had to be used. MIL-S-2l568A
(1 cs) is considered unsatisfactory. for use with motors because
of its very low viscosity and poor sea-water emulsion stability.
Because of its good dielectric properties, as well as low vis-
cosity, it .-'.s the best choice known to date for switching
devices and other nonmoving electrical applications.
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Properties of NIL-S-P15&A(I CS )

(b 11.icons.. as Fluid

V , ,c tji t Ls kv , ,It S 3V F t000 F 1(0 f
St' , :v it ibt , L s ,a 1 00

0 ps ,! 1.19 0.76 0.44
00 'S i'T 2.19 0.96 o.8.9(. NsIliI1."P.000 ps ,I 2.95 1.25 o 85 A rin apoj I t, 10 I

8,000 4.29 1. i.19 MATLAB 5',()
[0,000 ps1,!; .1i 1.97 1.31
1I,,000 's Ii 8.12 2.91 1.77T
'0,00U 1,S1i 11.56 3.92 '.46

Viscositt, centistckes, at 210' F,, A;14 D_44K
L) IS IJ

Viscositt' Slope, ASTM o.854

Lubricatin~j Ability + S etic Sea atar7-Ball Wear Test, 30 min, 50ý C, Fed. Method 6t,0'
59100 steel, average scar dia., (modified)
mm: k

1 kg
3 kg

5 kq 0.65 -K
15 kg 1.02 (
30 min, 500 C. 52100 steel 0.63 0.39

60 min, 10' C, 5,2100 steel 0.70 0.50

Corrosion Protec ion
Stirred Rust Te.t-, 10% seawater, Fail ASTM D-665

140' F, 2 days
On-Off Rust Test, 505/ seawater, Fail See Chapt-r 2

14c' F, 30 days Test C-5
Ambient Pressure, coupon See Chapter
stirred, corrosion test, weight Test C.-I
change, mg

Copper
Stainless Steel, 316 -

Copper-Nickel (70-30) -

Aluminum, QQ-A-250-ýb -
Phosphor-Bronze
Steel, galvanized -

Steel, 1009
Aluminum, QQ-A-250-11 -

Brunze
Monel
Silver Base Brazing Alloy S

20,000 PSIC Pressure-Cycled Sec Chapter 2
Corrosion Test (I% seawater), Test C-.?
weiqht change, mg

Insulated Specimenss:
Cooper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-,4b
Phosphor-Bronze
Steel, igalva.nized
Ste'l, 1O09

Aluminum, QQ-A-'50-il
Bronze I
Mone 1

S__ .- ve_ Base Brazin,[.Allouy
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I t 1t , - A', l 1 '' , k , I' '

CO ýJ'L-N Lck 1 ('(. )
Mone I -fit jnze
Stainless Steel ( '16) -

I' o s|h. 1 1 - 14r I OII,

,;I|vt'it Bas'. fit.zlnqj AII" '

Stee'l, I0.04
mi AlII''

AII UmLlTLIflI •2•:A-• l+1'- I I --

B runZ

AIMnum ' - b -

Steel, 100')
'0,000 PSIG S;irred Coil'osion Ste CIajAt-I

Test, we.Lht change, mq Test C-J4
Inlsulated Specimens:

Coppe r
StLtintess Steel, 316

Copper-Nimckel (70-30)
Aluninom, Qd-A-_50-

1
4b

Phosphor-Bronze
Steel, galvanized
steel, 10OO)

Aluminum, %Q-A-250-11

Bronze
Monel
Silver Base Brazing Alloy

Electrically Coupled Specimens:
Copper-Aluminum, Qu-A-i'K)-I

Alumirnum, QQ-A-250-Wb -
Copper-Nickel (70-30)

Mone 1-Bronze
Stainless Steel (516) -
Phosphor-Bronze

Silver Base Brazing All( -
Steel, 1009

Aluminum, QQ-A-2•0-l -
Bronze

Aluminum, QQ-A-?50-4b -
Steel, 1009

Pump Test Proposei militar:,"
Average Weight Loss, mg specification foi

Steel Gears sea-water emuls_-
"Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm

2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silvr Base Brazing Alloy

Dielectric Properties ASTM D-ll& ('od-
Resistivity, 78" F, ohm-cm: ified). See chap-

As-R•ceived 2.2x10l
1  

ter 2. Test E-1
With Sea-Water Contaminatin 24.xlO Chapter 2

Teat E-5

0.5% by volume
2.0% by volume

With Carbon Contamination: Chapter 2
0.1% wt/vol. Test E-6
0.25% wt/vol.

0.5% wtivol. 1 __
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MethodDielectric Prop~erties (Cont

Afte- I IF 0' Ei3W ACrc•1 e-ACs See Chapter 2
(makes and breaks) at 90g Tot E-7
volts, 10 amperes. resis.
tire load

Not filtered
Filtered
Solids generated, gram

Dissipation Factor, -8 ', % See Chapter 2
As-Rectived 2.0 Teat E-2
With Sea-Water Concaminati-n 1.5 See Chapter 2

- Test E-5
0.5% by volume
2.0$ by volume

With Carbon Contaminations See Chapter 2
0.10% wt/vol. Test 9-6
0.25% wt/vol.
0.50% wt/vol.

After 50.000 Electric Arcs
(makes and breaks) at 90
volta, 10 amperes, resis-
tive load
Not filtered
Filtered
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, 78' F, kv ified). See Chap-

As received 26.2 ter 2. Test E-3
With sea-water contaminatigi 16.4 See Chapter 2

Test E-5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2
0.10% wt/vol. Test E-6
0.25% Wt/vol.
0.5a% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 650-850 F

Number of tests 3
Operations to failure (range) >:.o,000

Emulsion Stability
Paddle Test, after 1-hour set-D-iOI
tling-.

Oil, ml 40
Emulsion, ml 0
Water, ml 40

Electric Probe Test, time for 0 See Chapter 2
wrter separation, minI Test E-4

Material CompatibilityStatic 20K PS See Chapter 2Butyl Test C-3

Buna N (eo
Viton B -"

Ethylene-Propylene
Tetrafluoroethylene (Teflon)-
Neoprene -,
Thiokol
Silic, ne
Pluoros ilicone

61
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MIL-L-23699A

Suagested Uses and possible Limitations

The fluid described in Militaxy Specification MIL-L-
23699A is a synthetic-base lubricant which was developed for
aircraft t"rboprop and turboshaft engines. The atmospheric
pressure viscosity of MIL-L-23699A leads to the prediction
that it would be too viscous for most deep ocean applications.
It has poor hydrolytic stability. It does provide some limited
corrosion protection, Dielectric properties have not been
determined. Before using this fluid, a system designer should
consult a list of compatible materials available from the man-
ufacturer.
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S~Properties of KIL-L-;'5•9)A( )

(Synthetic base Fluid)
Mr, t hod

V scoisetr :c I No trt ,es

LV'sosity, cent istokes, at: r e F l00* F 1, f

0 ps aIg
3,000 psiq S•NI.I

rooj See NSPUIL
'J,000 psi'g Annapoi -p
8,000 psaig MATLUB 51")
10.000 psILIq
11,000 psiq
TO,.000 pstq

Viscosity, centistokes, at 100" F, 25.67
Viscosity, centistokes, at 210* F, 5.00 ASTM D-44

1
,

0 psil
Viscosity Slope, ASTM 0,702

Lubricating Ability
4.-Ball Wear Test, 30 min, 50' C, F d. Method 0

52100 steel, average scar dia., (rodifie-d)
Mm:

1 kg
3 kg
5 kg

Corrosion protection
Stirred Rust Test, 10% seawater, Pass ASTM D-665
I40* F, 2 days

On-Off Rust Test, 50% s~awater, See Chapte:-
140o F, 30 days Test C-5

Ambient Pressure, coupon See Chapet: 2
stirred, corrosion test, weight Test C-

1

change, mg
Copper -0.2
Stainless Steel, 316 +0.1

Copper-Nickel (70-30) -0.2
Aluminum, QQ-A-250-4b +0.5
Phosphor-Bronze -0.3
Steel, galvanized -1.5
Steel, 1009 -186.2
Aluminum, QQ-A-250-ll +0.2
Bronze -0.2
lMone 1 -0.1
Silver Base Brazing Alloy -0.2

20,000 PSIG Pressure-Cycled See Chapter

SCorrosion Test (1% seawater), Test C-2
weight change, mg

Insulated Specimens:
Copper
Stainless Steel, 316

Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel, galvanized

Steel, 1009
Aluminum, QQ-A-250-11
Bronze
Mone I

Silver Base Brazing Alloy_
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Method

Corrosion Protection (Cont)

Electrically Coupled Specimensa

Coppet-Aluminum, W-A-250-ll

Aluminum UQ-A.O-50-4b -

Copper-Nick,tl (70-30)
Monel -Bronze

Stainless Steel (516) -

Phosphor-Bronze
Silver Base Brazing Alloy -

Steel, 1004

Aluminum Q.-A-25O-0. -
Bronze

Aluminum W-A-250-4b -
steel, 10,09

20,000 PSIG Stirred Corrosion See Chapter 2

Test, weight change. mg Test C-4
Insulated Specimens:

Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor-Bronze
Steel. galvanized

Steeal, 1009

Aluminum. QQ-A-250-1 l

Bronze

Mone 1

Silver Base Brazing Alloy

Electrically Coupled Specimens:

Copper-Aluminum, QQ-A-250-11

Aluminum. QQ-A-250-4b -

Copper-Nickel (70-30)
Mone l-Bronze

Stainless Steel (316) -

Phosphor-Bronze

Silver Base Brazing Allo' -

Steel, 1009

Aluminum, QQ-A-250-11 -

Bronze

Aluminum, QQ-A-250-4b -

Steel, 1009

Pump Test Proposed military

Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-

Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm

2

Copper

Aluminum

Steel, galvanized

Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTh D-I169 (mod-
Resistivity, 'F, ohm-cm: ified). See Chap-

As-Received ter 2 . Test E-1
With Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5

0.5% by volume
2.0% by volume

Aith Carbon Contamiiation: Chapter 2

0.1% wt/vol. Test E-6

0.25% wt/vol.
0,5% wt/vol.
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[ Me t hud

DieeIc'tric Pit) ertiens ýCnt)
Aftet 0,(,O00 Flectric Arcs Soe Chapter

(m.ks and reaks) itO liat E-7Svolts. 10 amperes, tests-

*/ / NOt filtered
LI' ltetred

Sul •% ,jenle rated, kjram

Dissipation FActor. F, % see Chapter
As-Rere'Ced Test E-"
With Sea-Wdter Cor-taminatione See Chapter

10.11, t'y volume Test 9-5

0.5%, by volome

P.OV by volums,
With Carbon Contar inationt Sao Ci'iaier

0. 10. wt/vol. Test E-6

0.," wt/vol.
0.15)01" wtlvol.

After 'O,CO0 Electric Arcs

(takes and breaks) at 90
volts, 10 amperes, resis-
tive. load

Not 2 iltered

Filtered
Solids generated, gram

D~electric Bieakdorin Voltage, API.TY, D-377 (rrkJ-
0.05 inch jAp, *F, kv ified. See C'ap-

As received tel x". e F. '-)
With sea-water contaminationt S-•. Chapter 2

0, lt by voltime Test E-1
0,51 by volume

2.0% by vo},me
With carbon cortamination: See Chapter 2

0.10% wt/vol. Test E-6
0.25% wt/vol.
0.50%, wt/vol.

After 50.000 electric arcs

(makes and breaks) at 90

volts, 10 aepere., L:esis-
tire load

Not tiltered

Filtered

Solids gnr.zitt?.d, 5ram
CQitact Life, silve -cadmiur. I0 Sz. Chapotei

volts, 10 ampvres, esintiiv e.t

load, 6000 psw 65"-85' F
Numb.ar of tertsI

Opet'atiý'ns to fsi lure (range)

Emulsio.q Stab-Ii.ty .

paddle Test. ,ftrr l-hur -2--140

t i inq,

Oil, jrl 40
Emu ls3 o. ý' J
Water, ml 4D

Electric Probe T'*t.. time for Izee Char "I 2
water separation, min E "--4-

Material Compat ibility Static ?0Y'PSlI -c- haptrr 2

Butyl pKoy- Test C-7

Buns N Fa 1-1
Viton B Sood
E thy I ene-2 ropy lene Poor

Tetra f luoroethylene (T'flonI Qood

Neopre ne 
Poo r

Thi •oko 
I

_____ _Its _airF luoros •i uz cn .______-_

*Based on atmospheric pressure data.
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• , V o tM.t ! i .1

V,'i I t L I I y-

_ . ..ii • ,ty . * mIs. * /c u b I c ce ll t m e -t .t , -j7: -, -- -' • -- •-

SI) pii.ISee N.';IVl.

~~ p~L.; An?~lpoi i b
•: sQN) I's 1,I MATI.RI 11,(

00 k0¶ ps -I
"0.%tXNJ pq LIl

jec rei!2jsOe SeNPA

0Psi~ Inn.p 14 -pI,"

,0010 p3l',
",.000O ps ,."
8. 0CO psI.,n

10.0C0 PS al

Ilt.OCO psIql
20,000 ps5 I,

Chemical Stability

Oxidation Stabilit, " Test, 203* F. AST7 U.-91:,.

hours to failure

Oxidation Stability,ý Test, 110 F Fed. Method ,

Hydrolytic Stability Test Military sp(c:! i-

Specimen change, mg cation MIL-II-

Specimen appearance 19457b
Fluid acid number increase,

Watr acidity, mg •?H

Insolubles, % -
rhermal Stabilitty Test

Fire Resistance

Flash Point, *F 49o ASTM D-92 "
Fire Point. 'F 550 ASTM D-():)
Autogeneous Ignition Temperature.or ASTh D-2l5ý -

High-Pressure Spray Combustor See MEL Rcpori

Minimusm spcntaneous ignition .i/66 of March

temperature. *F 1967
Minimum reaction temperature. I
No indication of fire, *F
Maximum pressure change, psi
Lowest temperature of maximum

pressure change. *F

Temperature range explored. *F

Miscellaneous Properties
Pour Point, t F <-65 AS'T D-97
Foaming Tendency, 75' F ASTM D-892

Foam after 5-minute aeration. <25

ml
Time out, minutes 1/2

Foam after 10-minute settling, 0

ml

Neutralization Number, mg KDH/gram ASTh D-974
Water Content, 5 by weight 

ASTh D-1744

Neutrality, qualitative Fed. Method 5101

Contamination

Number and size of particles and SAE Method ARP-
fibers in 1O0-ml fluid 598

25-0•- micrometers
100-500 micrometers
over 500 micrometers j

particles over 250 microm-

eters except fibers (length

ten times diameter)

Gravimetric Value, mg/l00 ml SAE Method ARP-78

Specific gravity at 60/60"F 0.978 ASTI D-1298 .
Color ASTM D-1500

Cost $/gal $4.70
Availability gOV. sped

1
Determinations made at .atmospheric pressure, unless noted.
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Suppiementary Properties of NIL-L-2l699A(1)

-Method

See Chapter2
Material Compatibility withe Tent C-3

Natural Rubber Poor
Polyurethane Poor

suna S Po~r

*Based on atmospheric pressure data.

Ll
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MIL-u-2760 lA

Suggested Uses and Possible Limitations

The fluid covered by MIL-F-276Q1A is a petroleum-babe
hydraulic fluid developed for use on high-velocity flight
vehicles whose hydraulic components may be subjected to high
temperatures. MIL-H-27601A is not suggested for any deep
ocean applications until more information is available. Its
viscosity is somewhat high, and atmospheric pressure corrosion
tests indicate that the fluid provides little if any corrosion
protection. Its dielectric properties have riot been determined.
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[1 -Properties of NL-1-276o3.A ~ -

a puig
3,000 paig See NSIK41.
5.000 psLj A:nnapolIn Ie, -c~rt

8.000 psi~ WM~t',

2000 psi s Aiq0 .t- Fd Mto tO

52100osity. averaqtoe sc- iat , 100 F 1d5.11
Vicst.cnitoe.a 1*a:33 SMD4ý

Lubricationg Poltecio

Wea OnOf R st .Test i. 50 * CC~~f, Fee. M~hetho 6ýO
52100 ste. ave0 g daaysa. Test C-5ie

Li
rAbien-fRut Pressur. 5Q c awate See Chnr'tcr n

stirred. corrosion test, woqtTest C-1
change. mg

iCopper -5 8.
Stainless steel, 316 + 2.3
Copper-Nickel (70-30) + 6.9
Aluminum, oQ-A-'Ž50-llb - 251.5
Phosphor-Bronze - 96.61Steel, galvanizcd + 101.7
Steel. 1009 -104i6.6
Aluminum, 00-A-250-11 + 117.1
Bronze - 14.4
lionel. + 1.5
Silver Base Brazing Alloy + 10.2

Lj20,000 PS10 Pressure-cycled See Charter
Corrosion Test (1% seawater). Test C-2
weight change. mag

Insulated Specimer.,?
Copper
Stai*nless Steel. 316
Copper-Nickel k*70-30)

Aluminum. QQ-A-250-4b b
L.Phosphor-Bronze

Steel. galvanized
steel. 1009
Aluminum. 00-A-250-11 1

Bronze
lionel
SilverRazeBrazingAlloy _________ ___ _______________
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Method

Corrosion Protection_(cont)M

LecTr ically coup oedSspecimens:
Copper-Aluminum, W-A-tk0-11
Aluminum WQ-A-250-4b -

Copper-Nickel (70-50)
Hone 1 -Bronze
Stainless Steel (516) -
Phosphor-Bronze

Silver Base Brazing Alloy -

Steel, 1004
Aluminum Q-A-250-lI -
Bronze

Aluminum QQ-A-250-4b -
Steel, 1009

20,000 PSIG Stirred Corrosion See Chapter 2
Test, weight change, mg Test C-4

Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A-250-4b b
Phosphor-Bronze
Steel, galvanized
Steel. 1009
Aluminum, Q2 )--250-11
Bronze
Monel
Silver Base grazing Alloy

Electrically Coupled Specimens:
Copper-Aluminum, QQ-Ae50-I
Aluminum, QQ-A-250-4b-

Copper-Nickel (70-30)
1ione l-bronze
Stainless Steel (516) -

Phosphor-Bronze
Silver Base Brazing Allo' -

Steel, 1009
Aluminum, QQ-A-;'j0-11 -

Bronze
Aluminum, QQ-A-250-4b -

Steel, 1009
Pump Test j Proposed military

Average Weigh' Loss, mg specification for
Steel Gears sea-water emulsi-
Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm'

Ccpper
Aluminum
Steel, galvanized -

Steel, 1009
Silver Base E -zing Alloy

Dielectric Properties ASTM D-1I6op (mod..
Resijtivity, °F, ohm-cmi ified). See Chap-

As-Received ter 2. Test E-1
With Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

Uith Carbon Contamination! :Chapter 2
0.1,% wt/vol. Test E-6
0.25% wt/vol.
0.5% wt/vol. _ ___ . --,
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DIV,(l, .i c Properti.1-1,s
Aftti I 7-0- .t, I¢ A00s ni Scv Chapter 2
(makes and breaks) at )O Tert E-',"
"volt., 10 ampetes, resis.
t ive, load

Not filtert-d
Filteted
Sou ids qen, rated, iram

Dissipat ion Factor, 'P. Set Chapter 2
Asv-Rveeivd Test E-'
With Sea-Water Contaminations See Chapter 2O.i1Z by volume Test E-,

0.5% by volume
2.0% by volume

With Carbon Contaminat'on: See Chapter
O.10• wt/vol. Test E-C
0.5,, wt/vol.
0. [,0!' wt/vo3l.

After 50,000 Electric Arcr
(makes and breaks) at 90
volts. 10 amperes, resis-
tive load

Not filtered
Filtered
Solidf generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, *F, kv ified). See Chap-

ýs received ter 2. Test E-35
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

Wijh carbon contamination: See Chapter ;
0.I0qM wt/vol. Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 5^,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-3
load, 6000 psi, 650-850 F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTN D-1401
t] ing:

Oil, ml 40
Emulsion, ml 0
Water, ml 40

Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

Material Compatibility,Static 20K PSI See Chapter
Butyl Poor Test C-3
Buns N Good
Viton B Good
Ethylene-Propylene Poor
Tetrafluoroe'thylene (Teflon) Good
Neoprene Fair
Thiokol
Si icone Fair
Fluorosilicone Zuar_, a __

Based on atmospheric pressure dat-a.
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VolatIityMethod
Tox ic i ty Petroleu_
Density, grams/cubic centimeter, at, 35- r 100" F 150, F

0 psig See NSRDL
3.000 psig Annapolis Report
5.000 psig MATLAB 350
8.000 psig

10.000 psig
15.000 psig

ISOt_ __ _Or____________ volume _5 F I00' r 1.56.F
decrease. ý. at, See NSRDL

0 psi. Annapolis Report
3.000 psig MATLAB '50
5.000 psig
8.000 psig

10,000 psig
15.000 psig
20.000 psi_ _

Chemical Stabilit'
Oxidation Stability Test, 203" F. ASTM D-9434
hours to failmrai

Oxidation Stability Test, 250* F Fed. Method 5108
Hydrolytic Stabilitly Test Military specifi-

Specimen change, g 0.01 cation MIL-1l-
Specimen appearance Satis fact Dry 19 1

457B

Fluid acid number increase, 0.02 -
mg XDH/gram fluid

Water acidity, mg WH 0.41 -
Insolubles. % Nil -

Thermal Stability Test _
Fire Resistance

Flash Point, -F 390 ASTh D-9?
Fire Point. *7 420 AST" D-92
Autogeneous Ignition TerperatureeF ASTM D-2155
High-Pressure Spray Combustor See MEL Report

Minim-m spontaneous ignition 5i/66 of March
temperature. *F 1967

Minimum reaction temperature, .

No indication of fire, 'F

Maximum pressure change, psi
Lowest temperature of maximum -
pressure change, *F

Temperature range explored, *F
Miscellaneous Properties,

Pour Point, -F <-65 ASTM D-97
Foaming Tendency. 75* F ASTH D-892

Foam after 5-minute aeration,
ml

Time out. minutes

Foam after 10-minute settling,

Neutralization Number. mgj NDH.V-,-m ASTH D-974
Water Content, % by wtight 0.007 ASTM D-1744
Neutrality, qualitative Fed. Method 5101
Contamination

Number and size of particles and SAE Method ARP- i
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length

ten times diameter)
Gravimetric Value, mg/100 ml SAE Method ARP- 785'
Specific gravity at 70/60'F 0.844 ASTM D-1298
Color ASTM D-1500

Cost $/gal $65.00
Availability 0ov, spej.

'Determinations made at atmospheric pressure, unless noted.
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r Suppleeiontary Of Properties of NIL-Ii-27601A()

Method --

Material Comax•ibilt&y with,'l see Cha ter 2
Dma I PoTest C-.I Natural Rubber Poor
Polyurethane Good

' asd on atmospheric pressure data.
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NIL_-1146004

SLugested Uses and Possible Limitations

The fluid described by MIL-H-46004 is a petroleum-base
hydraulic fluid developed for use in missiles where low tem-
peratures are anticipated. The atmospheric pressure viscosity
of MIL-H-46004 indicates that it might be satisfactory at a
depth capability of 20,000 feet. This fluid provides no cor-
rosion protection, and it is highly flammable. Its lubrication
and electrical properties have not been measured.
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Properties ot MiL-H-46UU440)

-_________ ~ ~ ~ ~ ~ ~ ~ Is ____ _____(-rl~ Base-f Fuidl -- *-- --

V ii iwo c~e n t i~± t, ~~- t k,-.ý

,004) psiq, Sit- NSHL)1.

1,000 psI') A n i 1, 1- 1

8.000 psi;l MATLAB
10,000 18 LIi
JL'>000 ps i.;
"10,000 ps iq

Viscosity, centistokes, at 100' , 2.88
Viscositv, centistoketi, at 210' 1. 1 ASTN1 [jJ4i

Viscosity Slope. ASTh p-741
Lubricatiniý Ability

IF-Ball wear Test. 30 min, ')C' C. red. Mi ilod

5^,100 steel, average scar rcma.,(id
mm:

1 kq
3 kq

Corro~sion Protect it
Stirre I Rust TeAt, 10,"' -.eawator, Fail AST-' D-(('

1400 F, 2 daysC
On-Cif Rust Test, '0:'. seawattsr, Test C -',~t~

1400 F, 30 day .sTetC'
Ambient Pressure, coupon. See Chapter

stirred, corrosion test, wel-tht Test C-1

change, ffq
Copper - 29.2
stair-less steel, 316 + 0.6
Copper-Nickel (70-10) - j 34
Aluminum. QQ-A--250-4b - 152.*-'7

Phosphor-Bronze - 6. 8(P
steel, ;alvanizccI -11.94.1
Steel, 1(CC' 139'
Aluminumn, Q3x4-A- )C -11 - 14'7.8
Bronze -

Monel - 1.5>
silver Base srazinq Alloyv -

2Q,000 PSIG Pr,'ssure-CyclediSTstC_2
Corrosi~on Tes ( act''Ts -

we,,ght chan-le,:r

Insulated S wo.'ens:

st~a,.nesi Seel, 1

Phsh r -S

steel" ;aa''

Alum,.n.w". .. -
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Corroston Protectton (cont
Clec-ttically Coupled Specmens,

"opper-Alumrinum, i1Q-AP2t.-lI
Aluminum uQ_-A-,,)o-b -
Copper-hickel (70-50)

ufne l-Bronze
Stainless Steel (516) -

Phosphor-Bronze

Silver Base Brazing Alloy -

Steel. 1004
Aluminum W-A-250-1l -

Bronze
Aluminum QQ-A-V50-4b -
Steel, 1009

"?0,000 PSIG Stirred Corrosion Se. Chapter "
Test, weight change, mg Test C-4

Insulated Specimens:
Copper
Stainless Steel. 316
Copper-Nickel (70-30)
Aluminum. UU-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel, 1009
Aluminum, Q(-A-250-l1
Bronze
Monel
Silver Base Brazing Alloy

Electrically Coupled Specimens:
Copper-Aluminum. Q'-A-250-ll
Aluminum, QQ-A-250-4b -
Copper-Nickel (70-.30)

Mone 1-Bronze
Stainless Steel (516) -

Phosphor-Bronze
Silver Base Brazing Alloy -

Steel, 1009
Aluminum. QQ-A-250-ll -
Bronze

Aluminum, QQ-A-250-4b -
Steel, 1009

Pump Test Proposed military
Average Weight Loss, mq specification for

Steel Gears sea-water emulsi-
Bronze Bushings tying oils

Corrosion Coupons, weight loss,
each, mg/cm'

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy _

Dielectric Properties ASTm D-1169 (,nod-
Resistivity, y F, ohm-cm: tiied See Chap-

As-Received ter 2 . 'est E-1
With Sea-Water Contaminat ion: Chapte- 2

0.1% by vlomie Test E-5
0.5 by vjiumw -

C.4 by volu I
With Carbon Contamination: J hapter

0.1% wt/vol. Tes t E-6
0.2'4 wt voll.
).'4 vt'vol. 

-_0
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He t hod
!Dizel' ctr , Pzpe•rt rea (cnt )

SAtt.Pr ý,O00 Electric Arco See Chapter 2
(makes and breaks) at )0 Test E-7
volts. 10 ampereA. resis.
t iv. load

Not filtered
Filtered
Solict; lenerated, q4ram

Dissipation Factor. *0'r. See Chapte.r P
As-Re,:e ived - Test E-2
With Sea-Water Conxaminationj See Chapter P

0.1% by volumse Test E-5
"0.5!% by volume
2.0% by volume

With Carbon Coittaritnat ion: See Chapt.r 2
0.10"t wt/vol. Test E-6S i o.1'5% wt/vol o

S0,.¶0 wt/vol.
After 50.00M Electric Arcs

(makes and breaks) at 90
volts, 10 amperes, redas-
tive load

Not filtered
Filtereo
Solids generated. gram

Dielectric Breakdown Voltagje. AST4 D-877 (mod-
"0.05-inch gap. *F. kv ified). See Chap-

As received ter 2. Test E-3
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
S0.5% by wolume

2.0% by volume
With carbon contamination: See Chapter 2

0.10% wt/vol. - Test E-6
0.25% wt/vol.
0.50% vt/vol.

After 50.000 electric arcs
(makes and breaks) at 90
volts. 10 amperes, resis-
tive load

Not filtered
Filtered
"Solids generated, gram

Contact Life, silver-cadmium. 50 See Chapter 2
volts. 10 amperes, resistive Test E-3
load, 600o psi. 65"-85 F

Number of- tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTM D-14oO

tling:
Oil. ml 40o
Emulsion, ml 0
Water. ml 4o

Electric Probe Test, time for See Chapter 2
water separation. min Test E-4

z-aterial Compatibility Static 2OKPSe See Chapter 2
Butyl Poor Test C-3
Buna N Good -
Viton B Good -
Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
NL eoprene Fair -
Thiokol
Silicone Fair
Fluorosilicone Fair_-

"Based on atmospheric pressure data.
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Volatility -

Density. gra/cUbic contwetet, at# T

o paig See NSPkDL

3.000 psig Annapol Re I~porl

8,000 i'stq5O,O00 psiq ALA A

10.000 psdg
J5.000 psig

-sot;Zermal Coipremskbility. volume r 10 P - Yr
decrease.",' at# See NS"I.

0 psig Anzaolis IeparT

3.000 psi9 PATLXB 51,0

Ot; pakg
8.000 psiq

10.000 psig
15.000 psig
20,000 pail

Cnemieal Staility

Oxidation Stability Test, 200 P. ASTm D-ý4ý-

hours to failure
Oxidation Stability Test. 250" F Fed. Method 5'0o

Hydrolytic Stability Test Nilitary specili-

Specimen chanqe. mg cation NIL-)I-

Specimen appearance 19
1
457B

Fluid acid number increase.
mq iNH/gram fluid

Water acidity. mg9 XH
insoluble*, %

Thermal Stability Test
Fire Resistance

Flash Point, *F 210 ASTH D.-92
Fire Point. or 220 ASTh D-92

Autogeneous ignition Temperature.Fr AS7M D-215
High-Pressure Spray Combustor See MEL Report

Minnlmm spontaneous ignition 51/66 cf March
temperature. OF 1967

Minimum reaction temperature.

so indication of fire, *F ~

xIxinam pressure change, psi
Lowest temperature of maximum
pressure changa. IF

Temperature range explored. *? -

Miscellan•eus Properties
Pour Point, - <-75 AS2TM D-97
roaming Tendency 75* F ASM D-892

Foam after 5-minute aeration,
ml

Time out. minutes
Foam after 10-minute settling.
0l

Neutralization Number. mg Xl)R/granm ASTh D-974

Water Content. % by weight AST" D-1744

Neutrality, qualitative Fed. Method 5101

Contamination
Rumber and size of particles and SAE Method ARP-

fibers in 100-al fluid 598
25-100 micrometers "
100-500 micrometers
over 500 micrometers
particles over 250 micros- i
eters except fibers (length

ten times diameter)
Gravimetric Value, mg/lO0 ml SAE Mcthod ARP-

Specific gravity at 70/60 'F 0.850 ^SH D-129L

Color ASTh D-1500
Cost $/gal $2.00 L
-ailability -a"_____I_

IDeterminations made at atmospheric pressure. unless noted. 
2
Heavy deposits indicates corrosion

not shown by weight change.
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MIL-H-81 019B

Sugguested Uses and Possible Li.mitations

The fluid covered by MIL-H-.1019B is a petroleum-base
hydraulic fluid for use in aircraft, missiles, and ordnance
hydiraulic syst;ems in the -90" to +2100 F teinpuraturc ranqje.
MIL-H-81019B appears to have properties for use at great depth.
Its viscosity appears to be too low at atmospheric pressure for
use as a general-purpose lubricant. It provides some degree
of corrosion inhibition, and it is highly flammable. Initial
die#lectric properties are good, but additional infoimation
relating to electrical applications is lacking.



LI Properties of KIL-H-81019B(i)

(Petroleum Ba-u Fluid)_

Vriuco~trtcPropert IC._
Viacosity. centistokei. ats L! F 100' F I',C" F

0 paig
1,000 psiq See NSkDI.

5.000 psiq Annapolb htwport
8.000 ps .ij 4ATLhIJ 5,0

10.000 psig

15.000 psiq
S20.000 psi-

'U)
Viscosity, c*ntistokes. at 100* F. 7.20
Vis•c-sity. centistokes. at 210* F, 2.82 PsTm D1-445
"0 psig

Viscosity Slope. S7T% 0.56J
Lubricating Ability

I-lBall Wear Teat. 0 ain, 500 C, Fed. Method 6")01
r 52100 steel, average scar dia.. (modified)

"--: I kg

3 kg
.. +• 5 kg

Li Corrosion Protection
Stirred Rust Test. 10% seawater. ASTh D-665
I40O F. 2 days Pass

On-Off Rust Test, 50% seawater, See Chapter P

140* F. 30 days Test C-5
Ambient Pressure, coupon See Chapter :

stirred, corrosion test, weight Test C-i
change. xg

Copper -1.0
Stainless Steel. 316 -0.1
Copper-Nickel (70-30) -0.5
Aluminum. QQ-A-25O-4b 0

"Phosphor-Bronze -o.4

Steel, galvanized -0.3 -
•--,'Steel. 1009 0 -:

Aluminum. 0Q-A-250-11 0
Bronze -0-5
N ovel -0.2
Silver Base Brazing Alloy -0.14

20,000 PSIG Prs.isure-Cycled See Chapter 2

Corrosion Test (1% seawater). Test C-2
weight change. mg

i. Insulated Specimens:
•JCopper

Stainless St-el, 316

Copper-Nickel (70-30)
t IAluminum. QQ-A-250-.b
(3 Phosphor-Bronze

Steel. galvanized
steel, 1009
Aluminum, 0Q-A-250-11jj Bronze
Nonel
Silver Base Brazing Alloy_
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cowper-Aluminum. QQ-A-2!iO-l1

Aluminum 00-A-250-4b .
tknwl-flronzs

stainless stool (316)
Phosphor .. ronse

Silver Mass Brauingq Alloy-
Stoel, 100J4

Aluminum 00-A-250-l11
Bronze

Aluminuim 00-A-250-4b -
aSteelI. 1009

20.000 K113 Stirred Corrosion See Chaptedr 2
Tsweightchnge, iqoo c-.4

copper
Stainlees Ste 1. 316
Coppex-mickol (70-30)
Aluminum, QQ-A-250-~4b

* ~Phosphor -brontoz
Stcel. galvanitord
Steel., 1009
Aluminum, W0-A-250-1l
Bronze

siler assBrazing A) kay
Xlectrically Coupled 3pecimnst

cop~r-aikel(70-30)
AonelI -Breni*e
Stainlasa Steel(36
Phusphor-onye

Silvei: n~ae DI-1,to Alio'..
stool. 1009

Aluminum, ~ O
Bronve

Aluminum, ýQg..'._250.-Ab
Steel, ICK(ý

9~P T. fts Proposed :ivllitarv.
Average Vaight Loss, xq specification .'or

Bronze Bu.hing. eyi'nq oils5

Corrosion Couports, .vight !Qvss

Stcel. gavnixel

Sldv'r ;.Sose a~ Alloy ~~1~½o

* Aaasist-l-VIty, 6- F Ohm-13 2.6M0 ified). See Chap-
As-3c.~e j Iter 2. Test E-1

With' str4tattr Contar-natiorv! Chapter2

0.lýt by volume ITest E-1
0.15;! by Volume
2.0% jy volume

%W:th -arbon Conteminstion:Chpe

O wt/voi. Ca-e1
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MSe .thod

Dielvctric Proport Les (Cola)

Atter 1,0.000 Llctric Arcs See Chapter 2
(makes and bruaks) .Lt 90 Test E-7

volts. K,0 amperes. iesis-
t Ive load

N" : filtered
Fx •.te red

Solids jenerated. q;ram
Dissipation Factor. 76 or, 't See Chapter :

As-Received 1. Test E-P

With Sea-Water Contatnnat ionl See Chapter 2

0.1%! by volume Test E-5
0.5% by volume
2.01 by volume

With Carbon Contamination: See Chapter P

0.1"% wt/vol. Test E-6
0.25"•. wt/vol.

0.50% wt/vol.
After 50.000 Electric Arcs

(makea and breaks) at 90
volts. 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Dielectric Breakdown Voltage. ASTM D-877 (nod-

0.05-inch gap. 76 "F kv ified). See Chap-

As received 22.4 ter 2. Test E-3
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5

0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2

0.10% wt/vol. Test E-6
0.25% vt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90

volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life. silver-cadmium. 50 See Chapter 2

volts, 10 amperes, resistive Test E-8
load. 6000 psi. 65*-85° F

Number of tests
Operations to failure (range)

J Emulsion Stability
Paddle Test, after.1-hour set- ASTH D-14o1

tlinq:...
oil. Ml 28
Emulsion. Wl 48
Water, el 4

Electric Probe Test, time for See Chapter 2
water separation, min Test E-14

Material Compatibility Static 2OKPSI See Chapter 2
Butyl Poor Test C-3
Buna N Good -
Viton B c.ood -
Ethylene-Propylene Poor
Tetrafluoroethylene (Teflon) Good
Neoprene Fair -
Thiokol
Silicone Fair
Fluorosilicone Fair -

Based on atmospheric pressure data.
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Vola ilin e a I i thod
ITox ic ity 

Met t hod

De siy grams/cubic centimeter. at: j 0 " F lO

C0 psig
See NSWDL

5,00•0 psig Annapulis in pou:
8,000 psig tTa 0

10,000 psig
15.000 psig
20.000 psi9

Isothermal Compress'ibilty. volume 35'-F 100' F 1 i0
decrease, 5. at: See NSRDL

0 psig Annapolis R&eport
3.000 paig Tmaj 50
5.000 psig
8.000 psig
10.000 paig
15.000 psig
20 ,000 psl9

Chemical Stability
Oxidation St lity Test, 203" F, AsTm D-943

hours to failure
Oxidation Stability Test. 250" F Fed. Method 1,30h
Hydrolytic Stability Teat Military specifi-

Specimen change. mg cation MIL-11-
Specimen appearance 19457B
Fluid acid number increase,

mg NOR/gram fluid
Water acidity. mg IOH
Insolubles. %

Thermal Stability Test
Fire Resistance

Flash Point. *F 212 ASTM D-92
Fire Point, "F 225 ASTM 0-92
Autogeneous Ignition Temperaturem *F ASTH D-2155
High-Pressure Spray Combustor See MEL Renort

Minimum spontaneous ignition 3I/66 of March
temperature. "F 1967

Minimum reaction temperature. -
"F

No indication of fire, *F
Maximum pressure change, psi
Lowest temperature of maximum

pressure change, *F
Temperature range explored. *F -

Pour Point, "p <-90 ASTM D-97
Foaming Tendency, 75' F ASTH D-892

Foam after 5-minute aeration,

Time out, all-ures

Foam after 10-minute settling,
ml

Neutralization Number, mg MOH/gram ASTH D-974
Water Content. % by weight ASTH D-174l
Neutrality, qualitative Fed. Method 5101
Contamination

Number and size of particles and SAE Method ARP-
fibers in 100-ml fluid 598

25-100 micrometers
100-500 micrometars
over 500 micrometers
particle@ over 250 microm-
eters except fibers (length
ten times diameter)

Gravimetric Value. mg/lO0 ml SAE Method ARP-785
Specific Gravity at 70/60 *r 0.858 ASTH D-1298
Color ASTH D-1500

Coat $/gal ývailable from sup lier
Availability v. spe -__

IDeterminations mad* at atmospheric pral'ure, unless noted.
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[I 5uapplementary of Properties of IUL-M-810195(l)

MIterial C :st~bi•At withil ase Chapter

Sj poTest C-3

Natural Rubtber Ipoor

ftlyurethan* Good

L- lamed on atmospheric presaure data.
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PROPRIETARY FLUIDS
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Fluid Code A U

Suggested Uses and Possible Limitations

Fluid Code A, a sea-water emulsifying hydraulic fluid,
Grade 1, petroleum-base oil, has the same viscosity as MIL-L-
17672, MS 2110-TH, which is too high for moat deep ocean
applications. It has good lubricating properties and good
corrosion-inhibiting properties. Its dielectric properties
are qunstionable for deep ocean applications in that it has a
low resistivity and a high dissipation factor.

II

in-116

V

II
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Fluid Code A(N)

Petroleum Base Flux

C p• Iig

-- 00 P • |P3l Annh.~t] • , .,u

!•I~~~~0.000'£ p5LJps, A'.l 'r

Viscosity. cenWistokes, at 0OOF, 41.9

Viscosity., centistekes, at 210" F. 5-9?5 AS•1! D-t',*
0 ps I q

_V psCOsit Slo,. A4 -u.68 I
LubrScatinj Ability",u

• atWear Test. }0 nizn ,O *0 C. Dry Dr Seawe ter 1{• Seawater rPd. Metho~d (AO•'
-- 5210O0 steel, averaile sear dia.° Dry! (rr~difled)

-rm,' Dr Aror Oxygen we~: ronj Wet OIxygen105 k S L• ;

1• 0 kg 0.26 0.24 0.38 0.48
V20 k, 0.29 - o.41 0.50

30 k1 .. o.9 .. 0.66

Corrosion Protection
VStirred Rust rest, l0e seawater. Pass ASTN D-661'

I 1i40" F. 2 days
:IOn-Off Rust Test. 5C, seaiwater. Pass See Chap~ter •1'i0 F. 30 days Test C-5

SAmbient Pressure. coupon See Chapter

istirredt corrosion test. iqht Test C-I

change. mq
Scopper -69.5-Stainlesj Steel. 316 - 0.2

Copper-Nickel (70-30) - 0.1I
Aluminum, '0-A-250-4 b + 0.1

Phosphor-Bronze - 1.0
Steel, galvanized - 2.6
Steel. 1009 + 0.1

Aluminum. QO-A-250-11 + 3.1I
Bronze - 1.2
Monel - 0.3 -
Silver Base Brazing Alloy -72.0

20O,000 PSIG Pressure-Cyczled See Chapter
Corrosion Test (l k seawater). Test C-2

weight change. mg

Insulated Specimens :
Copper
Stainless Steel, 316
Copper-Nickel (70-30)

Aluminum, 0Q-A-250-4b
Phosphor-Bronze
Steel, galvanized
Steel. 1009
Aluminum. QQ-A-250-11

Bronze
Monel
Silver Base Brazing Alloy -72.4

111-117
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me t h("i

Corrosion Protection (cOnt)
gleotrically COupla eSpecimens.

Copper-Aluminum. W(-A-250-ll
Aluminum .J-A-250-4b -
Copp•r-NLckel (70-30)
he I -bronse

Stainless Steel (516)
Phosphor -Irons.

Silver Uase brast"ri Alloy -
Steel, l0*4

Aluminum wUA-P50-11 -

agonse
Aluminum W.A-250-Ab
steel. 1009

.O.COO PSIG Stirred Corrosion See Chapt.rr

Test. weiqht chanqe, mn Test C-4

lIneulated Specimesns
Ci pp.,
StaInless Steel. 516",ippe c.4ikM l (7o-.'o)

Aluminum. UU-A-,•0-.b
Phosphor-Dronte
Steol, qalveaoled

Steel. 1009

Aluminum, QQA-250-11
Sron oe

PMOa I -
Silver Sase Srazinq Alloy

glectrically Coupled Spweimenh:

Copper-Aluminum, QQ-A-250. 11

Aluminum, 00-A-250--4b-
Copper-Nickel (70-30)

honcl-Bronze

Stainless Steel (516) -

Phosphor-Bronze

Silver Base Brazing Allo, -

Steel, 1009

Aluminum, QQ-A-250-l1 -

Aluminum, Q(-A-250-4b -
Steel. 1009

lump Test Proposed '.-' I

Average Weight Loss, mq specification
Steel Goar- 3 sea-water emuls,-
Bronze Bushings 1 tying L1l1

Corrosion Coupons, weight loss,

each. m,/icn2

Copper 0.0

Alumr.num 0.01-
Steel, galvanized 0.or
Steel, 1009Q 0 .0 -

Silver Fale Brazing Allaoy
Dietectric Properties ASTh P- i 16-

Res itiv:it\ 77 r,- ohm-4a1 ified). See Ch--

As-aceived 7.•4-J ter 2 . Test E-F

With Sea-Wate.f Contaml&nation: C hak)ter

0.14 by volume 
T

est E-

0 -f' by voilue

2.C- uy volume

With Carbon ContamintIat o.,, Chapter
0•.1 •wt vOl. Test F-t

1 -118
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OL--ictthtic
A! te r 1 A,,t , A Sze Chapter P

(makes and breaks) at ý.0 Tent E-7
10 ampetes, iet,,-

tIv.' luat.

Not filt, ,'d

F Ilt I..l'd
Solids jtenclatej, 114Pn

Disswpat ion Factor, 77 'i1. 4 Se, Chapt cr

As-Ke'('eri ve, .0.0 I Test E-

With Sea-Water Contaminati .n, See Chapter "
0.1% by "olume Test E-I,
0.5!% by voluame
2.(>% by volume

With Carbon Contaninationf See Chapter 2
0.101 wt'vul. 

Test C -at

0.21 T wt/'.u I .
C.Z'Ct wt/vol.

After '0,000 Electric Arcs
(makes 'nd breaks) at 90

volts, 10 amperes, resis-
t • ve load

Not filtered
Filtered

Solids genkated, .;iam

Dielectric Breakdor.:. ýolta.qe, ,XSTM D--,?77'•l
,0.0'-inch gap. 7"7 'F, kv I fi~d•. See ýChap-
As received 21.6 ter . E-5

With sea-vat r contamination: 21.6CI Žter
0 . by volume 

Se e s C -v

0.4 by vol ume
.0( by volurrt

Wuith carbon contamination: See Chapter 2
0.1I0% wt/' Vol. Test' F-6

0.2t( wt/vol.
0."5" wt/vol.

After D5,C0,00 electric arcs
(makes and breaks) at 3C

volts, 10 amperes, resas-I
tive load

Not filtered
Filtered

F Solids generated, gram,
Contact Life, silver-cadmium, 50 See Chapter V

I. volts, 10 asperes, resist•ve Test E-i

load, 6000 ps:, 65"-85" r
Number of tests• : Operations to -elu ( range)

S~Emu-!sion Stabil itY

Paddle Test, a ter 1-hour set- ASTM D-l,-".
tlinq:

Emulsion, el 1 80
Water, ml 0

.iecl ;C Probe Test, tIme for C h "t-:
water separation, run ?st E-.

Materlal Cofpatibility Static 20vSI"J Svc C t

Dutyl Poor rrst C-'
Buns cH

Vitol ,
E thy lene -P *v•-yenoe Pr-."r I

-Netrafluroerc*hvie,.a Yfc-I
M :FFair

* S:i:cort Ta~r I

rlucrosil:coner

* Based me atmospheric pressre -ate



F Volat III ty

n'7,X L,- nt t"7....t , vt I( F P '

s A,. ... . ,

000 ,M sI AII.Al "
,0.000 psa I ,

1' .000 W is I'l
IOt'-i C) 1 L,I

0¢OJ Ps I,;

0 psi, ALr...'<' I.-

A 00,Lk pyk t .l IX''.l '

1,,OLX1 ps Il

15.000 psI'
20, OCO ps iq

ChemIcal Stability
Oxidation stability Trst, 203' F, 525 -

hours to failure
Oxidation Stability Test, 250' F Fed. MUth(,dt
Hydrolyt-c Stability Test Military hp:*c c -

Specimen change, mg cation XIL-II-

Specimen appearance 19i4,7b
Fluid acid number increase,

mg KOIH/gram fluid
Water acidity, mg KOH

Insolubles, %

Theimal Stability Test
Fire Resistance

Flash Point. *F )75 ASTM D-_97
Fire Point, *F '43 ASTM D-1)'-
Autogeneous Ignition Temperature,6F ASTMI D-4 I'
High-Pressure Spray Combustor Sue C LE"..:

Minimum spontaneous ignition 51/6L ýf

temperature. 'F 1967
Minimum reaction temperature,

oF

No indication of fire, *F
Maximum pressure change, psi

Lowest temoerature of maximum
pressure change, 'F

Temperature range explored, *F

Miscellaneous Properties
Pour Point. PF -10 ASi. D-?
Foaming Tendency. 75* F AST%. D-8,)

Foam after 5-minute aeration,
ml

Time out, minutes 0
Foam after 10-minute settling, 0

ml
Neutralization Number, mg NOR/gram 0.9 ASTh D-974
Water Content. % by weight 0.076 ASTM D-17•4

Neutrality, qualitative Neutral Fed. Method ,Ic]
Contamination

Number and size of particles and SAE Method ARP-
fibers in 100-mi fluid 598

25-100 micrometers 582
100-500 micrometers 6
over 500 micrometers 6 fibers
particles over 250 microm- 0
eters except fibers (length
ten times diameter)

Gravimetric Value, mg/10C ml 8.9 SAE Nct'hod AF-P-'..

Specific gravity, 60/60 *F 0.889 A-.r D-1298
Color j ASTM D-150C

Cost $/gal jvailabi4 from sup lier -

Availability tIproprietary

Determinations made at atmospheric pressure, unless noted.
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Test C-

Natural R ubber | Mor
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Fluid Code B

Suggeted Uses and Possible Limitations

Fluid Code B, a petroleum oil product, was originally
develoW4 for missile use. Its viscosity at atmospheric pres-
sure is too low for a general lubrication or hydraulic fluid over
sustained time periodsp however, it wouli be in the right
viscosity range at great depths. It provides exce±L.nt corrc-

iaon inhibition for ferrou metals but provides no protection•
for n•ofer-ous metals. its electrical resistivity is low and
its dissipation factor is very high, making it questionable for

k-own deep ocean electrical application. It is extý:emely flan-
mable.

Li
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(Petroleum 3Sae Fluid)

atcoo vili i V-idci.0()* u

AflnI.O Ifflcnfsoe, t oo W

0prig

20OUO0 psig

Vixemsuity, 'entisto.kes. At 100 .7R .?
Viscosity, cer.tist'nkois at 210'~ 1. )6 ASTM D-441,

VcctySlope, S:I -- ___

4 WBa ssir Test, 30 mi~n, 50* C, Fed. M-:thod 6'C,ý

52100 steel, at'vr-,ýe Racr dia., (oiLa

5 kq

Corlosion ProteCtion
Stirred Rt 7.10% F"eawater, Pass ASTM D-6(5

140' F, 2 davq
On-Off Rust Test, 50% seawixtv!7, See Chaptei

1.40' F, 30 days Test C-t)
Ambient PresL'-.re, coupon S~e Chap~ce
stirred, corrosije test, we:.ftt Test C-I
change, mag

- 'Lper

nless Steel, 316 + 01.2 -

- ,per-?Nickel (70-30) I- 3.8
Alueinuis, 00* A-2'!-4o + o4

* iPhosphor-Bronze 17017.6
St1e, 9.1fn~~ -16.6 -

Steel, 100? - 0.2
hdumin~rn. QO-A-?50-11lJ
Bronze -20.9

Silver Base Braztln- Allo0y -10.2
C.00 P31 -ssre -Cycled

*Corrosion Teat (1% seawat.'r) , TestC-
%Kight change, zwj
20l1nuowipated S'ecm!so:

Stainless Strel, 316
copper-Nick~el (70-50)

Phoesphor-bron-re -

Stoel, galvanize! I
steel, 1009

Silver Bae r'r~Aly
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M-t hii,d

C t 0 L I I',t ljý ,10t , t I Ot L ooftit

1 I' z IL •', Couplk, Spectmens:
C.•p pe.r -A Iumi*n,.m. W_ A-,"A t _ -l
Alki r++t itun ý,'V -A_-.ýL • -4b -

CUppe = -NcketL ( 70-50)

Aonelub -ronz-"

Statnless Steel (516)
P ho .. phoa -lr on ,,

Silver MAte Hr,%zinq Alhloy+ S~~~ t e.k ' C z

Aluminum ,J-A-, ,-
4

b -
steel. IC'O,)

:C, OcO rsic Stir.'ed C',Vrosion See ChaptL
Test, weiqht chan.;e, n,'I Test C-4

Insulated Specimvneri-:
Coppe r

Stainless Steel, 316
Copper-Nickel (70-0)
Altumnum. QQ-A-250-'b

Phosphor-Bronze
Steel. galvanized
Steel. 1009
Aluminum. WQ-A-r50-11
Bronze
Mene 1
Silver Base Brazing Alloy

Electrically Coupled Specimens%
Copper-Aluminum, QQ-A-25C-11
Aluminum, QQ-A-250-4b -

Copper-Nickel (70-30)
1.0ae 1 -Bronze
Stainless Steel (316) -

Phosphor-Bronze
Silver Base Brazing Alloy -

Steel, 1009
Aluminum. QQ-A-ý¶50-11 -

Btinze
Aluminum. QQ-A-=50-4b -

Steel. 1009
Pump Test Proposod 2 ¶:I'"

Average Weight, Loss, mg speca i C ZtrI I

Szeel Gears" sea-writc: •'Mub-
Bronze Bushings fying ails

Corrosion Coupons, weight loss,
each, mg/cm

2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM D-1169 (:•od-
Resistivity- 76 *F. ohm-cm: 1.cI0 9 ified). See Chav-

As-Received ter P. Test F-I
With Sea-Water Ccntamination: Chapter 2

0.19 by volume Test E-

0.5% by volumeŽ
2.0% by volure

With Carbon Cor.tamination: Chapter 2

0.1% wt/vol Test E-C
0.25% wt/vol.
0.5% wt/vol.
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Method
Or I D ectric Pro)ettea (Cont)

After rc, i _"•" Arc. See Chapter 2

(makes anJ breaks) at 90 Test F-7
vults. 10 amperes. resis-
tive load

laot filtered
IViltered
Solids generated, gram

Dissipation Factor, 76 *F, 9 See Chapter '
As-Received >60 Teýst E-2
With Sea-Water Contaminations See Chapter 2

j 0.1% b], volume - Test E-5
0.5% by volume
2.0% by volume

With Carbon Contamination: See Chapter 2

0.10%, wt/vol. Test E-6
0.25% wt/vol.
0.50% wtivol.

After 50,000 Electric Arcs
(makes and breaks) at 90
volts. 10 raperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mod-

0.05-inch gap, 76 *P, kv 25.4 ified) . See Chap-
&s received ter 2. Test E-3
With sea-water contamination: See Chapter ?

0.1% by volume Test -5
0.5% by volume
2.0% by volume

With carbon contamination: See Chapte

0.10% wt/vol. Trst E-

0.25% wt/vol.
0.50% wt/vol.

After 50,0M0 eiectric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, gram

U• Contact Life, silver-cadmium, '• See Chapter 2
volts, 10 amaeres, resistive Test E-3

load, 6000 ps', 65'-85* F
Number of tests
O~peratj-,ns to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTM i-1401

tfling:
Oil, ML 23
Emd] sion, m! 57

Water, I I 0
Slectric Frobe , t••t SI e ChaAr -
water uepara4 , rin Test E-4

Maai!Cormpati,,iity Static 2OKPSI See Chapter
B~yl Test C-5

Viton B
Ethylene -Propylene
Tetra fluoroethylene ( TO lon)

Neo~prene

silicone

Fluorosilicone
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Volat LI I .,y

.sic it. n,-tolQui.
Dee 4-_r@irj/cobI.-c cenin, t-7

0 psIg See NbRIDL

I ,0(.; ps'.g Annai.-I ih I s

5,300 Pse1- MATLAL ~Y
8.0oo psig

10,000 ps ij
15,000 ps i,
20,000 peiq

isothermal Comgze!i~bility, volume 35 F I00'--T5-T
decrsease, ý ail -'See NShDL

0 paug Annapolis olo1,i 1
3,000 ps'g MATLA" 1j1(.
5,000 psig
8.000 pq-g

i0,000 I;1,ig
15,000 psig20,00 pe £ig________ _________

Chemica 0 Stabilit

Oxidation Statility Tesý, 203* F, ASTM D-94,'
hours to failure

Oxidation Stability Test, 250' F Fed. Method -5ý'

Hydrolytic Steibility r~est Military specl f
Specimen change, mg 0.12 cation MIL-H-
Specimen appearance Satisfaect ry 194F57B
Fluid acid number increase, 0.21

mlg IQH/qra" fluid
Water ?cidiýy. mg NDH 10

Insolubles, % nil-
Thermal Stability Test

Fire Resistance
Flash Point, 'F 205 ASTM D-)
Fire Point, OF 2A5 ASTM D-fi
Autogeneous Ignition Temperature,°F ASTM D-, 1-
High-Pressure Spray Combustor S c Ie ML :

Minimrms spontaneous ignition
tempF. -- ture, OF 19(,

Minimlum reaction temperature,
F

No indication of fire, 'F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, 'F

Temperature range explored, 'F

Miscellaneous Properties
Pour Point, OF Al D-
Foaming Tendency, 75' FAS M D-)'

Foam after 5-minute ae,-ation,
ml

Time out, minutes
Foam after 10-minute settling,

ml
Neutralization Number, mg KOH/gram 0.09 ASTM D-Y('4+
Water Content, % by weight ASTM D-1744
Neutrality, qualitative MCId. eL.
Contamination

Number and size of particles and SAE Mi'th> 1 I AP-
fibers in 100-ml fluid I )

25-100 micrometers
100-500 micrometers
over 500 micrometors
particles over 250 microm-
eters except fibers (length
tun times diameter)

Gravimetric Value, mrg/100 ml SAl i

Specific gravity at 70/70 'F 0.852 ASTM D-1, J.-
Color ASTM 1- 1

ýCot $/gal vailabl from sup liei
Ava-lability Iproprietary _._ _.

IDeterminations made at atmospheric pressure, unless noted.
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U Fluid Code C

H Suggested Uses and Possible Limitations

As a petroleum oil product, Fluid Code C has viscosity
U properties similar to those of MIL-H-46004 and has been used

as an immersion medium for electric motors at pressures cor-
responsding to a depth capability of 20,000 feet. Its viscosityis too low at atmospheric pressure to consider it as a general

lubricant over sustained periods of time. It shows good cor-
*. rosion inhibition for both ferrous and nonferrouom metals. It

Mhe a low electrical resistivity and a high dissipation factor,
making it questionable for any known deep ocean electrical
application. It is extremely flammable.
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Fluid Code C'()

(Petrolou-. sasg Fluid)
I~ ~ LOAh~

Vtscometric Propotties m()

1 2 )I
Vis,!oSity. c:enltistoke., art Fo ion rI '.0" F

0 ps tq 1

3°000 ps g 17

5,C00 pai. 22 Aa.,pV I I*

8,000 ps ']I 32 MATLABi10.000 pslg 412
15.000 psig 8220,000 ps ig 180"

I.

viscosity. centistokes. at 100 'F. 3.73
Viscosity. centistoke.. a. 210" F. 1.41 ASTm D-445

0 psig
viscosity Slope. AsIT 0. 8 2L _

Lubricating Ability
4-nall Wear Test. 30 min. 50" C. Fed. Method (t.U"

52100 steel, average scar dia.. (modiferd)

I kg 0.18 -
Skq 0.25 (s uffing, o I film l ot)
9 kq 0.30 (scuffing. 0 1 film Iost)

Corros)an Protection

Stirred Rust Test. LC,. seawater, Pass asI.
140 F. 2 days

On-Off Rust Test. 50D% seawater, S.-' Clla,,' I

140" F. 30 days Test C-
Ambient Pressure. co'jpon S'ee Ci,..t,-

stirted. corrosion test, weiqht Tc'st C-I

change. mg
Copper -17.8
Stainless Steel, 316 + 0.3 1 -
Copper-Nickel ("'0-30) - 0.14 -

Aluminum. QQ-A.-250-4b +0.6
Phosphor-Bronze - 5.5
Steel. qIlvanizfz-1 - 0.2
Steel. 1009 + 0.2 I -

Aluminum. +0-A- 0.-4 +

B rto .- e - 5 .6 I
Monel + 0.2
Silver Base Braztinq Alloy - 5.2

20.000 PSIG Pressure-Cycled ChIt.';

Corrosion Test (14 si.awater), T s': C-:

weight change. wl I
Insulated Specimcn-':

Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum. Q0--A '0-b - b
Phosphor-B ronze
Steel, galvani ed
Steel. 1009
Aluminum. OW-A-250-,1

14one 1

Silver Base Brazing Alloy
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I f*
SI,:,, I umly nI r -A S -'.O. I rr lns:

Aluminum vv-A-,..O-4b -

Copp•i-N&ckel ((10.10)
None I -Bionze

Statnl..ss Steel (516) -
Ph.,t)t|. • : -Bil te

tike. haiv t.i itznq. All.',
Steel, 1004

Aluminum U•- 0- l- -

Aluminum gO-A-I:'A)-04b -

Steel, 1009
20,000 PSIG StiLreA Corrosion (10% sow ter) See Chaptei

Test, welght change, mg Test C-
4

Insulated Specimenst
Copper -1.4
Stainleus Steel, 316 -1.3
Copper-Nickel (70-30) -0.3
Aluminum, UQ-A-250-4b +0.1
Phosphor-Bronze +0.1 I
Steel, galvanized -0. .-Steel, 1001) -03."

Aluminum, QQ-A-250-1l +0.2
Bronze -1.3
Monel -2.1
Silver Base Brazing Alloy -4.7

Electrically Coupled Specimens:
Copper-Aluminum, QQ-A-50O-11 -2.2 +t1
Aluminim, UQ-A-250-4b -
Copper-Nickel (70-)0) -3.3 -0.5

Monel-Bronze +0.2 +0.6
Stainless Steel (516) -

Phosphor-Bronze +0.8 +0,-
Silver Base Brazing Alo, -

Steel, 1009 1+0.2 +0.
Aluminum, ut-A-7O-ll - +1.2 +05
Bronze

Aluminum, QQ-A-2,50-4b - -0.
Steel, 1009

Pump Test Proposed ml] i

Average Weight Loss, m.j specificatiun fi,
Steel Gears sa-wateiro s

Bronze Bushings fying oils

Corrosion Coupons, weight loss,
each, mg/cm

2

Coppo r
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM D-116' (rod-

tResistivity, r,'? F, ohm-cm: I4,)l08 f !ied). Set Chall-

As-Received Ler Test E- I

With Sea-Water Contaminatitn: Cha-r

0.1% by volume Test E-,
0.51% by volume
2 .OD by volume

With Carbon Contamination: Chaper 2
0.19 wt/vol. T oSt E-6

0.2"1 wt/vol .
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SHeth hd
Dle.,'~P Po erte (Cunt•

Aft-er ;),0 Eectzie Arcs See Chapter
(makes and breaks) at 9w Teat E-7
VIts, 10 amperes, lebie-
t I %t. l'had

Nut tfltered

SIe ds qenetdted, jram
Dissipation Factor, 77 'F. % See Chapte T

A j.Iece ivt'd >60 Test E-'
With Sea-Water Contaninat ionI See Chapter P

C. 1% by volume - Test E-.,
0.5f by vnlume
2.0% by volume

With Carbon Contamination: See Chapter 2
0.10% wt/vol. Test E-C
0.25% wt/vol.
0.50% wt/vol,

After 10,000 Electric Arco
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load
Not filtered

Filtered
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, 77 "9, kv ified) . See Chap-

As received 28.4 ter 2. Test E-3
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With carbon contamination: See .'iapter P
0.10% wt/vol. - Test E-C
0. 1 5, wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
F'. tered
Solids generated, gram 

-

Contact Life, silver-cadmium, 50 See Chapter
volts, 10 amperes, resistive Test E-i
load, 6000 psi, 65'-85° F

Number of tests
Operations to failure (range)

Emuiqion Stability
Paddle Test, after 1-hour set- ASTM D-1].i1
tling:

Oil, ml 25
Emulsion, ml 55
Water, ml 0

Electric Probe Test, time for See Chapter
water separation, min Test Y-.

Materiýal CompatibLlity Static 2CKPSI Set. Chapt,.
Bit1 Test C-
Buna N
Viton B
Ithy.lene-Propylene
.etrafluoroethylene (Teflon)
Neoprene
Th i o ko I
S 1 Ilirone

' lU( ] ros I lcone
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-s l i lt y

06"lug~rame cbc ontameter, ato
P Z0 pots 0. 0e IT2IRDL"3.000 pol 0.871 0."4 Annapoixa bwport

5,0Ng0.879 'o.Wr2 iiA~u •'
0.000 p ail 0.896 ok

1,00o "is o.9%6 o.Bot
15.000 "if 0.909 0.903

0 pail Annapolis Repý
3.000 pail 1IA 1-5 1.7 14ATIAB 3tk

5.000 petg 2.2 2.3 2.6
6.000 paig 3.3 3.5 3.8

10.000 pail .9 4.2 4.6
15O pa0 •is 5.5 5.7 6.3

20.000 U ,.1 6.8 7.1 7.8
Chemal Stability

Oxidation Stabiltty Tts, 203" F, ASIwD4 Do92
Awu i to failure

Oxidationtur i S rab y , C 50b r Fed. Method R or
Nrolytic Stab Uity Test Military hpecili-
spIeimara change, mg cation MlL-H-
Spcimen appearance 194o7B
Fluid cid number increase,
as NO/•ram fluid

*ster a cidity, mg poDHinsolublea, %

Thermal Stability Text
Fire Res istance

Nflasoh Po petie0 ASh o-9U,2
Fire Point, *F 220 AS D-4
Autogeneous Ignition Temperature."? ASTM D0-,I
High-Pressur* Spray Combustor See MEL Report

Mini tm a -%pontane oue ignition 51/66 o 7 Marc -h

tmpe turt, miute.F 67
Fein.mam reaction temperature.n

So indication of fire, gF -xa -t mo pressure change, psiat' teprature f a imu
preesule change, 'F

Toosoeritxixe range explored, eF
Nisceilanwoue Propertiei

Wour Point, "5 <yih AS IN D-,7
Nroamling T undency, 75u F liASTe D-81o

roan after 5-minutt seration "

Tirm out, minute s

""o a m : f t e r 1C-m i n u t e Oe t t l i n o,

Neutralieateon Number, mg NDH/gxam 0.09 A.(TM D-l)n'
water Content, % by weight ASiM 0-1744
Ptrauility, qualitative Fed. Method 101
Contaminat-ion

Number and size of particles and SAI"' Aethid A.Pp-

fibers in 100-ml fluid q

i ~25-100• mic rowtater

100-Do irmtor500 micrometers

particle. over 25•0 microm-

eters except fibers (length

Gravinetric value, mgiloo ill S.•A Mrelld RP-'9

rpcific gravity r~t 70/60 "r 088ET 
-,•)

,olor ASTM D- I •,x•

Cs $/sl ývsilable• from supglier

&ZAGO Iab i I i tp roplieta ry

S ]IDetorminatlons mo=de at atm~ospheric pressure, unless noted.
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Fluid Code D

Suggested Uses and Possible Limitations

Fluid Cods D has been suggested for use in a fric-
tion drive system. Its relatively high viscosity and lack of
corrosion inhibition make it questionable for use as ; general
petroleo lubricant or hydraulic fluid. Its dielectric prop-
erties have not been determined. It is flammable.
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JFluid Code D(1)

(Petroleu Basse Fluid)

Viscosity. centiotokes. ati __5___ rlo 150
0 psiq 1.?

3.000 psig See New Departure
5,000 psiq 5.2 Letter to NSRDC.
8.000 l 26 Fob 19G3

10.000 psig
15.000 psL4

L 20,000 ps W

Viscosity. centlstokes. At LO0 *F. 1J.7
Viscosity, centistokes, at 210 F, 3.86 AST% D-4

4
J5

[( 0 psiq
Viscosity Slope, AS7%0.'

Lu.-ia _£Abilit~y

4-Ball Wear Test, 30 min, 50* C, Fed. Method 65o,!

52100 steel, average sear dia.. (modified)

3 kg

5 kg

Corrosion Protection
Stirred Rust Test. 101% seawater, ASTM D-665

lJ40 F. 2 days Fail

On-Off Rurt Test, 509 seawater, Fail See Chapter 2

140* F. 30 days Test C-5
Ambient Pressure, coupon See Chapter 2

stirred, corrosion test, weight Test C-I

change. mg
Copper - 50.1
Stainless Steel. 316 + 0.6
Copper-Nickel (70.30) - 0.7
Aluminum, O-A-250-•b -133.5
Phosphor-Bronze - '70.7
Steel, galvanized -290.5

L Steel, 1009 -828.6
Aluminum. Q0-A-250-11 - 25.8
Bronze - 33.1No el+ 0 .5

Silver Base Brazing Alloy 2.
20.000 PSI0 Pressure-Cycled See Chapter 2
Corrosion Test (1% seawater), Test C-2
weight change. mg

Insulated Specimens:
Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum. QQ-A-250-J4b
Phosphor-Bronze
Steel, galvanized I
Steel. 1009 -

Aluminum, QQ-A-250-ll -

Bronze -

Monel
Silver Base Brazing Alloy

1 1-133 I



Method
Corrosion ProtectLon (Cont)

l•lectrically Coupled Specimcnsi
Copper-Aluminum. W-A-250-1-
Aluminum 0Q-A-250-4b -

Copper-Nkckel (70-30)
None l-Bronze
Stainless Steel (316) -

Phosphor-Bronze

Silver Base Brazing Alloy -

Steel. 1004
Aluminum Q.,.A-250-11 -

Bronze
Aluminum Q,-A-250•

4
b -

Steel. 1009
20.000 PSIG Stirred Corrosion See Chapter 2

Test, weight change. mg Test C-4

Insulated Specimenss
Copper
Stainless Steel. 316
Copper-Nickel (70-30)
Aluminum, 0Q-A-250-4 b
Phosphor-Bronze
Steel, galvanized

Steel. 1009
Aluminum, QQ-A-250-11
Bronze
Monel
Silver Base Brazing Alloy

Electrically Coupled Specimens:
Copper-Aluminum. 00-A-250-11
Aluminum, 0Q-A-250-4b -

coppe r-Niickel (70-30)

Mionel-Bronze
Stainless Steel (316) -
Phosphor-Bronze

Silver Base Brazing Alloy -

Steel. 10C9

Aluminum, QV-A-250-11 -
Bronze

Aluminumw. 0-A-250-4b -
Steel. 1009 Proposed military

Pump Test
Average Weight Loss. mg specification for

Steel Gears sea-water emulsi-

Bronze Bushings fying oils
Corrosion Coupons, weight loss,

each, mg/cm2
Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTH D-1169 (mod-
Resistivity, F. o1-m: ified). See Chap-

As-Received ter 2 Test E-1
with Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5

0.5% by volume
2.0% by volume -I

With Carbon Contamination: Chapter 2
0.1% wt/vol. Test E-6
0.25% wt/vol.
0.5% wt/vol. -
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hi.*!. Att • Pop t • .•:t
Atil ý-• E '.t ( I' Set- ('hapt -I'

( jke.. at,, i b a'vaks) at 94 9rt
VII It 5 , '0) dTItpt' L[t+h , I ch I' a-

t tv loh ,
Not ltit p t rd
FL1 t I tt'd
Sol Id6 ptotatl , 4 |1i

As- RQ(oo i ved ' 1

With SalWitel. CL taminiat ioni S, Cihdi pt

0.1% by volume Tst E-T
C.Y5', by volume
2.0% by volumt

With Catbon Contamination: See Chapter 2
0.10N wt/vol. Tost E-(,
0.251 wt/vo.
C.%O wt/vol.

Atter '0,000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Fillif red
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (c'od-
0.05-inch gap, 'F, kv ified) . See Chap-

As received ter ,. Test E-3
With sea-water contamination: See Chapter

0.1% by volume Test E-ý

0.5% by volume
-. 0% by volume

With carbon contamination: See Chapter 2
0.10% wt/vol. - Test E-C
0.25% wt/vol.

0.50% wt/vol.
After 50,000 electric arcs

(makes and breaks) at 90
volts, 10 asiperes, resis-
tive load

Not filte re~d

Filtered
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapter 2

volts, 10 amperes, resistive Test E-3
load, 6000 psi, 65o-85' F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTM D-1401
tling:

Oil, ml 40
Emulsion, ml 0
Water, ml 40

Electric Probe Test, time for Sie Chapter 2

water separation, min T:?st E-4

Material Compatibility Static 20KPSI See Chapter £

Butyl Test C-3
Buna N
Viton B
Ethylene-Propylene
Tetrafluoroethylene (Teflon)S , Neoprene
Thiokol
Silicone

Fluorosilicone _ . ...
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V-?o [at 11 ;Lt}

S--- 
I 

|. 
-

P e t r o l e u m Is1 Aniv'pou Is It -*
pb ý1 ATIN\)l ..

*'_;,•'i psi 
xr"1 "

CO.L C pJsIq

10,000 pS).l
I.CYps 1ý1

1 tL+;€.- d'I~t Y . -i- U•.

jec I~~s CO 5 * . t 
A11.11l'.p I I' I" p"

02 p L.1 MT. LAT I !•' • -

5oL•Vc 1: A. 1,;

';.000 psi_
10 ,. kvO 1)-s 1,;

1 0.0o0 pst~1_______-

ChtemCal S ti i L tAy 
s. TM D-9

4 
`

--- t-dttn Stability rI-est. 203' F,

hours to failure Id. Huthod
Oxidation Stabitty Test, *50 F Military !ltd' :'7 -

flydrolyt 1C stabl it" ,rest cation i ILt,-M -

Specimen chanqe, m.7,1 194,tiJB

Spcc imnen appearance

Fluid acid number increase.

mq wlH/gram fluid

Water acidity, Mg g11

insolubles. "

Thermal stability T,'st

Fire Resistance AST7" D-

Flash Point, 'F 270 ASTV D-)?ý

Fire Point, *F 295 AS.M D-'15ý
Auro'eniCous Ignition TemperatureeF See FDL 1Report

llih..Pressure Spray combustor 51/6C of cr',rch

Minimum spontaneous ignitior 
196" .

temperature, 'F

Mninium reaction temperature,

'F
-4c indicationl o0 tire, F

Mtaxi mur preasure change, psi

Lowest tem-eraturC of maximum

pressur'Ž chanje, 'F

Temperature range exjlored, 'F

Miscellaneous Properties ASTei D-I7
po,atr piint, "F -60 AST D-•9

Foaming Tendency, 75* F -

Foam after 5.-mnute aeration,

ml

Time out, minr,5 <1

Foam after 10-minute settling, 0

ml ASTM D-974

Neutralization Number, mg ll[/gram 0.01 AST D-1744

Water Content, % by weight O.OiU ASTr M-thd50

Neutrality, qualitvtivfý neutral

Contamination SAE Method ARP-

Number :nd size of particles and 
S98

fibers in 100-ml fluid

25-1CO mio-rometers
100-500 micrometers

over 500 micrometers

particles over 250 microm-

eters except fibers (length

ten times diameter)
Gravimetric Value, mg/i

0 0 
ml SAE Method

Specific gravity at 60/60 *F 0.837 ASTM D-1298AS7TM D-1500

Color vailab).q from sup lier

Cest $/galstar_ t

jAvailability 
__

lDeterminations made at atmospheric pressure. unless noted.
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"Fluid Code E

Suggested Uses and Possible Limitations

Fluid Code E is used in submersible motors. There is coil-
"siderable field experience to show that this fluid may be used
as a motor immersion fluid. Its viscosity is low, it provides
no corrosion protection, and it is extremely flammable. Initial
"dielectric properties are good, but additional information
relating to electrical applications is lacking.
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Fluid Cod* .il)

(Petroleum dase Fluid)

Vi scomefrrC LOPijezt le.
Vlscositty, centistokes. t 3't: F l00" k, j,(jo'

0 ps I;
3,000 pS q .i;-,• N!,l[)L
5,000 ps iq Ann pj, I s 11 1,,
8,000 ps I' MATIhli 5'

10,000 ps I'
15,000 psiq
20.000 psiy

Viscosity. centistokes, at 100 *F, 4.26
Viscosity, centistokes, aý. 210' F, 1.50 ASTM D-414,,

0 pasig
Viscosity Slope, ASTM 0.839

Lubricating Ability
4-Ball Wear Test, 30 min, 50' C, Fed. Mtth,'d (,(i

52100 steel, average scar dia., (nodificd)
nm$:

1 kg
3 kg
5 kg

Corrosion Protection
Stirred Rust Test, 10* seawater, ASTM D-66f
140' F, 2 days Fail

on-off Rust Test, 50% seawater, See Chapter 2

140* F, 30 days Fail Test C-5
Ambient Prassure, coupon See Chapter 2
stirred, corrosion test, weight Test 1-I
change, mg

Copper - 74.2
Stainless Steel, 316 + 1.2
Copper-Nickel (70-30) + 0.7
Aluminur., QQ-A-.250-I4b -456.5
Phosphor-Bronze - 25.9
Steel, galvainized -1227.4
Steel, 1009 -1598.2
Aluminum, QQ-A-250-11 + 159.7
Bronze - 46.7
Mone +
Silver Base Brazing Alloy 17_ 3

20,000 PSIG Prez-sure-Cycled See ChapterCorrosion Test (I%• seawater), Test C-2
weight change, m71'

Insulated Specimens %
CopperI I
Stainless Steel, 316
Copper-Nickel (70-30)
Alumainum, QQ-A-250-4b
Phospho r-Bron ze
Steel, galvanized
Steel, 1009
Aluminum, QQ-A-250.11I
Bronze
Monel

-silver Base Brazing Alloy
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,Co. -N t-lt I

Ml', ' -lt4 T
"S I: t s t-t .it..

A ' ,,-li 't i -

Ih•i--•It All -,

Alit I on l.',, A 'i' ) -Blritlitun Q.' A 1

5'Qt P'a 1,lS t -I I. II' I' - "
PS n 1, ; !;1t 1, 1t' Ch'p -II t , Wt' t llt 11,,. 1 It ' I' lest -I

C'j- i}t~' -N h'kf, I ((l i)

S t I'il , St t ,',nt I',.d

, I I t.t

Silvr 14.~ 101 1'JI~ l

Aluminum, QQ-h-1 'V/-11

Moil-o I

S 11verI Bise Brazingj Alloy

Flectrieal Jy Cou,'ed Specimens:
Copper-AleQmiinum, 12d-A-20-l1
Aluminum, QQ-A-C'50-4Ob -

Coppor-Nickel (70-50)
Monel-Bronze
Stainless steel (-536) -

Photspho r-Bronze
Silver Base Brazinq Allo -
Steel, 1009

Aluminum, QQ-A-250-l -
Bronze

Aluminum, QQ-A-?50-4 b -

Steel, 1009
Pump Test Proposed military

Average Weight Loss, mg specification for
Steel Gears sea-water emulsi-
Bronze Bushings fying oils

Corr-osion Coupons, weight loss,
each, mg/cm2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTM D-1169 (mod-
Resistivity, 73 "F, ohm-cm: 2.6xi01 3  

ified). See Chap-
As-Received ter 2. Test E-i
With Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0%, by volume

With Carbon Contamination: Chapter 2
0.1%• wt/vol. Test E-6
0,25% wt/vol.
0 14 wt/vol.
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ý Ylt IhA

N ' t I I ,I' 'F, 1 6 I" p

A ,. -I I> p l, tam t I II t

I k V, UlU
t . I 1,y t.< l I ir - J *1. I -

H. 1. , ' V 1i15

% kt 1 ( t '1 )o;I C, '1tn t I err n t ki : St. Chotw '.r

0 .1'I wt. v .' 'I(,rI F-.

i, .:",!' W t /vt, , I

l) 0 wt /v.' I.
Aftel L,0,000 Elect iic Atcs

(makes and breaks) at 90
volts, 10 amperes, resis-
ti•e Load

Not filtered
F iltered
'olids tenerated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mrd-
0.05-inch gap, 73 *F, kv fied) . See Chap-

As received P7.2 ter P. Test E-1
With sea-water contamination: See Chapter "

0.1I( by volume - Test E-5
0.'3" by volume -

*.0"' by volume
With carbon contamination: See Chapter

C. 101" wt/vol. Test F-C
0.25'' wt/vol.
0.5cr, wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tivQ load

Not filtered
Filtered
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapter
volts, 10 amperes, resistive Test E-3
load, 6000 psi, 65*-85' F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTV D-1401
tling:

Oil, ml 40
Emulsion, ml 0
Water, ml 40

Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

Material Compatibility Static 2OKPSI See Chapter
Butyl Test C-5
Buna N -
Viton B
E thy lene-~Propylene

Tetrafluoroethylene (Teflon) -
Neoprene
Thiokol 1
Silicone

Fluorosilicone
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1. #
Vols t tlitj.. "Voxn riciy petj. - °

I Dnsty gras/cubic cen.timetei•, at, e 'i 'i•D-

0 psig NSRDI,
5,000 psi.; Ann1apol'i• rlt
5.WO opsig AL1 ';
6 6.000 psig

I G.30(M ps iq
1C.(000 ps iq
20. " 1 ps iq

Iso th erm a l C omrp te ss ib i lt X . vo lume '- V -i< i' F P- iT.e h-1

a.decSeae. N14.

_.O psg
!'v000 paig I1 CS'•8.00)0 psiq

10.000 psig
15.000 psig
20.000 puig-Che; i ca-- Sc € lb]i ty

Oxidation Stabilit?' Test, 203* '.7 ASTM D-9)4
hours to failure

Oxidation stability Test, 250' F Fed. Method ýU03
Hydrolytic Stability Test Mi4xtary speciti-

Specimen chanqe. n,,g cation KilL-I(-
Specimen appearance 1914r7B
Fluid acid number increase,

mg lVH/gram fluid
water acidity, gc K021
Insolubleq, %

-hermal 'tability Test
Fire Resistance

llash Point. OF 185 ASIX D-91"
Fire Zoint. "F 190
SAutageneous Ignition TemperatureO ASTI D-
S+H:.•h-press-.re Spray C,)mbustlor See MEL ,Wport

Minimum spontaneous ignition 5]/66 of March
temperature. OF 1967

Minimum reaction emlpcrature.
OF'

N- indication of fire, OF
)%aximum pre sure change, psi
Lowest temperature of maximum
pressure change, OFIM Temperature range explored. OF

Miscellaneous Properties
Pour Point.'F ?S'17 D-97
P.Foaming Tendency, 75' F ASTM D-892

Foam after 5-minute aeration,
L MLJ ml

Time out, minutes
Foam after 10-minute settling,

N tml
sNeutralization Number, mg KOH/gt m ASTh D-974
euWater Contenty, by weight ASTM D-1744

Neutrality, qualitative Fed. MethodS~Contamination
Number and size of particles and SAE Method ARP-

fibers in I00..ml fluid 598
.5-100 micrvoreters
100-500 micr .metern
over 50M micrometers
particles over 250 micrem-

"" eters except fibers (length
ten times diameter)

Gravimetric Value, mg/1O0 ml SAE Method ARP-78
Specific gravity at 69V60 'F 0.830 ASTh D-1298
Color ASTM D-1500

Cos t $/gal vailable from sup±lier
Availa__ility roprietaL .__

'Determinations mde at atmospheric pressure, unless n.tted.
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S1Fluid Code F

Suggested Uses and Possible Limitations

Fluid Code F has a low atmospheric pressure viscosity for
a general-purpose petroleum lubricant over 4 sustained time
period. Its corrosion-inhibiting properties ate moderately
good for both ferrous and nonferrous metals. It is flam-
mable. Initial dielectric properties are good, but additional
information relating to electrical applications is lacking.
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kluid Code F(')

(Petroleum bass Fluid)

Vimcoe tic PLopities - .. .. .
Viscou.ity, c,-ntlstokca. at . ' F 0j I I, . r'

0 ps "I
fOO 5p•. .St.. M51hDL

5,000 Ps•. I,;!•, • ,,! •

5,000 ps"I M TLAIU
10.000 psig
15.000 psiy
20,000 p5

1
q

Viscosity, centistokes, at 100° F, 4.68
Viscosity, centistokes, at 210' F, i.)9 ASV?.I U-1-4

C psig
viscosity Slope, KST, 0.836

"Lubricatnq Ability
4-Ball Wear Test, 30 min, 50* C, F.-. Mt(. ,

52100 ste(l, average scar dia., (rd f,

1 kg
3 kg
5 kg

Corrosion Protection
Stirred Rust Tesc, 10% seawater, ASTM D-(LU
140* F, 2 days Pass

On-Off Rust Test, 504 seawate' Fail See Chatte
140* F, 30 days Test C-ý

Ambient Pressure, coupon See Cha-ter
stirred, corrosion test, wemiht Test C-1
change, mg

Copper 0.5
Stainless Sttel, 16 - .
Copper-Nickel '70-50) - 0.4
Aluminum, "Q-A-250_-b - 0.-
Phosphor-B; nze - J.4
Steel, galvanized - .0
Steel, l00q0 -0

Aluminum, 00-A-5D-l- 0l.
Bronze -

Monel
Silver Base Brazing Alloy-

20,000 PSIG Pressure-Cycled scv h:"
Corrosion Teet ( l4 seawater) , I-st

weight change, mq
Insulated Spec ,mens:

C •pper

Stainless Steel. •16
Copper-N ckel (70-xo)

P'%osphor-Dronre
Steel. lva l
steel., "XI•-•

Sli r Base .?-5'
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A oj tnuer -A .UM AI.k1%L C -Ab - ý_

coppet -Ni•ckel I (;o-1'0)
Stone I -Bronze

itainle•s.l Steel 1i 1) - I
Silver base biaexinj Alloy -

Ste'1. KO04

Aluminumn Q(-A-•"C-4b -

Steel. 0M9)
10.000 PSIG Stirred Corrosion See Chapter ".

Teat., wet;lht change, T, Test C-14

Insulated Secimeni:
Copper

Stainless StI!l. '56

Copp~er-Nickel (70-50)

Aluminum. QQ-A-_¶)C-_b

Phosphcr-Bronze
Steel. atlvan izo tt
steel. 100)
AlIum..num. Y2A-CO

Broaine
Monel
Silver base Bra?irl Alloy

Electrically Coupled Specimens:

Cooper-Aluminum, ýtŽ-A-250-1l

Aluminum. CO-A-250-4b.
Copper-Nickel (70-3O)
None l-Bronze

Stainless Steel (516) -

Phospnor-B ronze
Silver Base Brazing Alloy -
Steel, 1009

Aluminum. QQ-A-250-11 -
Bronze

Aluminum, QQ-A-250-14b -
Steel. 1009

Pump Test Proposed military
Average W-ight Loss, mg specification forl

Steel Gears sea-water emulsi-
Bronze bushings fyirq oils

Corrosion Coupons, weight loss,
each, mg/cm2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Properties ASTm D-1169 (rood-
Resistivity. 75 'F, oh-r-cmt ified). See C14ap-

As-Received l.2x1O ter 2. Test E-l
With Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With Carbon contamination: Chapter 2
0.1% wt/vol. Test E-6
0.25% wt/vol.
0.5% wt/vol. -__
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Methud
Dilelct~rit |ort.ies (Cunt)

ifter 50,000 Electric Arcs See Chapter -

(makes and breaks) at 90 Test E-7
volts. 10 amperes, resis-
tive load

Not filtered
Filtered
Solids genexated, jram

Dissipation Factor, 75 p, % See Chapter
As-Received 0.7 Test E-2
With Sea-Water Contaminations See Chaptr

0.1% by volume Test E-c
"0.',% by volume
2.0% by volume

With Carbon Contaminations See Chapter ;
0.10% wt/vol. Test E-6

0.259 wt/vol.
0.'0% wt/vol.

After 50.000 Electric Arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered

4 Solids generated, gram
Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, 75 OF, kv ified). See Chap-

As received 24.6 ter 2. Test E-3
With sea-watar contamination: Chapter 2

0.1% by volume - Test E-5
0.5% by volume
2.0% oy volume

5 With carbon contamination: See Chapter 2
0.10% wt/vol. Test E-6
0.25% wt/vol.
0.50% wt/vol.

After 50,000 electric arcs
r- (makes and breaks) at 90

volts, 10 amperes, resis-
tive load

Not filtered
FilteredSSolids generated,ra

Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 65'-85* F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- ASTH D-14ol
tling:

Oil, ml 40
Emulsion, ml 8
Water, ml 32

Electric Probe Test, time for See Chapter 2
water separation, min Test E-4

Material Compatibility Static 20KPSI See Chapter 2
Butyl Test C-3
aura N
Viton B-

E ~ ~E thy=lene-P ropylene-
Tetrafluoroethylene (Teflon)

Neoprene

Thiokol
Silicone
Fluorosilicone
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LV .

-<T, •. Ile "-troleur

I.A

0 • -. I -

S h L P P .,. I: I

,, LV " ', ,I It. '

•,L3L' psL i; "• IA "''000. psIML

8 .000 psI I
10,00) ps _,_11-,000 p.,g I

_ ,000 ___ , .4. 1....... ..
Chemical Stabilit,'-

Oxidat on stabil ity Test *'O• F, ,0`0+ A;T'. D-
hours to tailure

Oxidation Stability TIst, 0 F Y.
lHydrolytic Stabilt,. 'Pest 11 I 1 1 1t ý I

Specimen change, -0 c.1 ,)N I I, ,-'!-

Specimen appealrLnce I )4ý
Fluid acid numbur increase,

my KOH/gram. fluid
Water acidit,' my KOH
Insolubles,

Ther-mal 3tabilit- Test
Fire R.sjs:3ance

Flash Poinft, 'F ASTIN D-•

Fire Point, *F 500 ASTY D-q
Autooenuous Ignition Temper7.turc, F' AS TM D--,
Hiqh-Pressure Spray ComhisLor Se c- 'L L

Minimum spontaneous i.int ion §I/CE f .. , ch
temperature, F 1

Minimum reaction tc,-+peiature,

No indicati•;n af fire, '
Ma.ximum pressure 7hange, psI
Lowest temperature of maximun'I
pressuse change, 'F

Temperaacr rice explored, 'F

Miscellaneous Propeyties
Pour Pcont, •'• A3TM D-',,
Foaming Tendency, 75" F ASTM D-ý&•

Foam after _-minute aeration,
ml

Time out, mirutcs
Foam after iC-minute settling,

ml
Neutralization NumFler, mg KOH/gram C. 8 ASTM D-,)714
Water Content, % by weight 0.016 ASTN D-I744
Net, rality, qualitative Fed. Method 1i01
Contamination

Number and size of particles and SAE Method ARP-
fibers in 100-ml fluid 598
25-100 micrometers
100-500 micrometers
ovei" 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)

-,imetric Value, mg/l00 ml SAE 1tood AP," 7

apecific gravity at 71/60 'F 0.832 ASTM D-1P98Voinr ASTM D-110'

Co /gal vailabl from sup lier
Availability F- _+_- -

L. "terminations made at atmospheric pressure, unless noted.
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Fluid Code G

,• S~pujgested ,Uses and possible Limi~tations

ii The atmospheric. pressure viscosity of Fluid Code G sug-
gests that it could be a general-purpose petroleum fluid. Its

| •q corrosion-inhibiting prope~rties are moderately good for both
S 'f ferrous and nonferrous metalF;o Initial dielectric properties
~are good, but additional information relating to electrical

Sapplications is lacking.

2 
n 4

S ---
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Fluid Code G(M)
'Petroleum Base Fluid) t,

10 IH g t I t' I e s

( L1 i,
5$. t 000 ; ') 3 1, ue NSI(iII.

'I.Cfl 1 psi., Annapol i h lo "i-I t
8,tv ps.I' MATLAIJ ,O

lC.O C ps t ,I

'I. Oux psi.;

Viscosity. centistokcs, at 100. F. l0.F0
VjLjcosity. centistokes. at P10" F, 2.50 AS-im u-44,

0 psi.j
VisC:oStt. Slope, ASmt 0.8231

Lubr *cat tn, Ab tIi t•€

'ar Test. 3 rFed. Method 610!
521OCV steel, average scar dia., (nxdified)
mm:

I kg
3kg
5 1,

Corrosion Protection
Stirred Rust Test, 10• seawater, ASTM D-,65
140' F, 2 days Pass

On-Off Rist Test. 50M seawater, Fail See Chapter
'40* F, , days Test C-5

Ambient Pressure, coupon See Chapter 2
stirred, corrosion test. weight Test C-i
change. mg

Copper -0.1
Stainless Steel, 316 +0.2
Copper-Nickel (7C-30) -0.1
Aluminum. 20-A-250-l4b +0.2
Phosphor-Bronze 0
Steel, galvanized -6.6
Steel, 1009 +0.5 -
Aluminum. QQ-A-250-ll +0.2
Bronze -0.3 -
lMone 1  +0.1--
Silver Base Brazing Alloy -0.7

20.000 PSIG Pressure-Cycled See Chapter 2
Corro.sion Test (1% seawater), Test C-2
weight change. mg

Insulated Specimens:
Copper
Stainless Steel. 316
Copper-Nickel (70-30)
Aluminum, QA-250-4b
Phosphor-Bronze
Steel, galvanized -
Stibel. 1009
Aluminum, 0Q-A-250-11
Bronze
Mone 1
Silver Base Brazing-? !!_0x
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I Me"t hod -

PStan otection (Cont)
Flctl -•}cally Coup led Spec IMeng I

SAcpper-Auumin num A -A,--l 0 -1
Aluminum Q•-A-250-4b -
Coppet-Nickel (70-3•0)

Mone 1-11ronze
Stainless St_.I (316) -
Phosphor-Bronze

Silver Base Brazing Alloy-
Steel, 1009

Aluminum W-A-?50-11l -
Bronze

Aluminum QU-A-250-4b -
Steel, 1009

20,000 PSIG Stirred Corrosion (10% see tar) See Chaptel
Test, weight change, mg Test C-4

Insulated Specimens:
Copper -0.5
Stainless Steel, 316 0
Aluminum, QQ-A-250-4b -0.1

Phosphor-Bronze -0.1
Steel, galvanized -0.3
Steel, 1009 0
Aluminum, QQ-A-250-11 0
Bronze +0.1

4Monel 0
Silver Base Brazing Alloy -0.6

Electrically Coupled Specimens: -

Copper-Aluminum, QQ-A-250-11 -1.3-

Aluminum, QQ-A-250-4b -

Copper-Nickel (70-30, -0.3 -0.1
Mon-l-Bronze 0 +0.3

I ~ Stainless Steel (516) -
Phosphor-Bronze 0 -0.1

Silver Base Brazing Alloy -

Steel, 1009 -0.6 -0.3

Bronze -0.1 +0.3
Aluminum, QQ-A-250-1b -

Steel, 1009 -0.1 0
Pump Test Propcsed military

Average Weight Loss, mg spec fication for
Steel Gears 1 sea-water emulsi-
Bronze Bushings8 fying oils

Corrosion Coupons, weight loss, -
each, mg/cm2

Copper 0.01 -
Aluminum 0.03 -
Steel, galvanized 0.01
Steel, 1009 0.01 -

r Silver Base Brazing Alloy 0.02
Dielectric Properties ASTM D-1169 (mod-

Resistivity, 75 *F ohm-cm: 8.0x10
1  

ified). See Chap-
As-Received ter 2. Test E-1
With Sea-Water Contamination: Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volume

With Carbon Contamination: Chapter 2
0.1% wt/vol. Test E-6

1 0.25% wt/vol.
0.5% wt/vol.
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Me t hod

VL I. .'tzc t 'L t ei1 ~ t tes (Cont !
½t tvt ",•,OO L I ect r-I,: At z See Chepter-

(rnker 4nd breaks) .it ,K0 Test EC-

vol)ts. 10 tests
t Ive load

Not filtered

FL Ite ,'d

sol l.ti -jetnct.'td. jroam

Diis-1ptt-on Fa,,,tot. *F ' . ý Sel. Ct.'I~t

AsHeov~vw M T. est 1:-,

With ii•Ila*WtLe CI t. o•nIlitittOI I See Chapt'-I

0.I- by volume - Test E-l)

O.,'J" by volume u

2.0- by volume,

With Carbon Contam'nat to.,: See Chapter P

0.105 wt/vol. Test E-(I

0.25:( wt/vol.
C.',0, wt/vol.

After ='O.e. Ele:tric Arcs

(mak.'s and breaks) at 90

volts. 10 amperes. resis-

tive load

Not filtered

Filtered

Solids gencrated, Irsm

Dielectric Breakdown Voltage, ASTM D-877 (mod-

0.0,-inch lap. 75 *F. kv ified). See Chap-

As received 29.9 ter P. Test 1:-3

With sea-water contamination: See Chapter 2

0.11C by volume Test E-5

0.5;Z by volume

,.0% by volume

With carbon contamination, See Chapter P

0.lC-. wt/vol. Test E-6

0.250 wt/vol.

0.50< vt/vol.
After 50.000 electric arcs

(makes and breaks) at 90
volts. 10 amperes, resis-
tive load

Not filtered

Filtered

Solids generated, gram

Contact Life. silver-cadr.iium, 50 See Chapter e

volts, 10 amperes, resistive Test E-3
load. 6000 psi, 65*-85- F

Number of tests

Operations to failure (range)

Emulsion Stability
Paddle Test, after I-hour set- ASTm D-1401
tling:

Oil. ml 38
Emulsion. ml 30
Water. ml 12

Electric Probe Test, time for See Chapter 2

water separation. min Test E-4

Material Compatibility Static 20KPSI See Chapter 2

Butyl Test C-3
Buna N
Viton B
Ethylene-Propylene
Tetrafluoroethylene (Teflon)
Neoprene -
Thiokol

s ili5one
F luo ros i Ileone-
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ens I .. j I ams/cuL L t c e vik tt. e 10... .. o,. I
8' psig See 14.lORIl,

,00C psIg IIMArLAIB
8,00C p~I)S

10,00C psig
i".,O0 ps'tj

":'0,OOO psIg..
isthetfal Cmp ibitlity, w lus'tW5  - --- O-Y '0,o' 4F
decrease, %,, at: Se.,* N!;I DI,

s psil Ann 1pol 1' ',-

3,000 pi-tg MATLAIi '2

.,000 ps I
8,000 ps tI

10,000 psig
15,000 psig

2'0,00C psl .... . .. ..

-• Chemical Stability,
oxidation Stability rest, 203* F, 1000+- ASM D-1)-

• i hours to failure

Oxidation Stability Test, 2 50 F ed. Method '

Hydrolytic Stability Test Military .

"Specimen change, mg r Iaticn MIL-Fl-
Specimen appearance I i4[7B

Fluid acid number increase,
mg KOH/gram fluid

Water acidity, mg IDI{
Insolubles,

Thermal Stability Test
Fire Resistance

Flash Point, 'F 300 ASTN D-
"Fire Point, 'F 325 ASTM D-q<
Autogeneous Ignition Temperature, OF ASTM D-, 1'C

High-Pressure Spray Combustor Sce NIL P<,.wort

Minimum spontaneous ignition 51/66 ''f
temperature, OF 1967

Minimum reaction terpecature,
°F

No indication of fire, OF

Maximum pressure change, psi
Lowest temperature of maximum

pressure charge, OF
Tenperature range explored, OF

1Miscellaneo!is Properties
Pour P F <-45 ASTM D-97

Foamir'g Tendency, r5' F ASTM D-80-
Foam after 5-minute aeration,

ml
Time out, minutes
Foam after 10-minute settling,

ml
Neutralization Number, mg ONO/gram 0.10 ASTM D -

Water Content, % by weight 0.005 ASTM D-1741.

Neutrality, qualitative Fed. Method 1CI

Contamination
Nu~mber and size of particles and SAE Method ARP-

fibers in l00-ml fluid ,98
2ý-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
ten times diameter)

Gravimetric Value, mq/10O ml SAE N thod APP-7H

Specific Gravity at 70/60 OF8 7__;_ DColor ASMD1'

Cost $/gal availablo from suoplier
Avsilab lity proprier_ .... .. I_

Determinations masde at atmoespheric pressure, uiless noted.
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Fluid Code H

Suggested Upes and Possible Limitations

The at.iospheric pressure viscosity of Fluid Code H would
lead to the prediction that it would not be suitable for hydrau-
lic systems or lubrication uses at more than 4000-foot depth.
properties are moderately good for both ferrous and nonferrous
metals.
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Fluid Code H(l)

(Petroleum same Fluid)
, ,,Me thod. V~scometrt•c Pz,•,peittes....

ViSCU;Lty, cent istok it, it: 00 F I0O I.(t i
0 PH, Ij

S,000 ps I See NSRDL'5,000 ps I' Annapol•,is •,

S8,000 ps I']MATLAbIS
10.000 ps Iq
11). 000 ps t)

'20.000 psiq

'A

Viscosity, centistokes, at 100 F, 34.0
Viscosity, centistokes, at VI0' F, 5..5 ASTM !)-4 4

1.
0 ps ii

viscosity Slope, AST 0.764.
Lubricating Ability

1
4.-Ball Wear Test, W0 min, 50* C, Fed. Method f(I
:'2100 steel, average s-ar dia., (modi fIed)

1 kq
3 kg

"" ~5 kg

"•Corrosion Protect ion
Stirred Rust Test, 10% seawater, Pass ASTM D-66,

-- 14o* F, 2 days

On-Off Rust Test, 50% seawater, FailSee Chapter
140' F, 30 days Test C-5

Aisbient Pressure, coupon See Chapterstirred, corrosion test, weight Test C-1

change, mg
Copper +2.0

" "Stsinless Steel, 316 +0.iCopper-Ni•ckel M 0-30) +0.1
.. Al eninum, ;Q_ A-2 50 -)b 4-0.3

Phosphor -. ronze +0.2

Steta. galvarize,; -0.9
Steel, l00,4 +0.5
Aluminum, QQ-A-25•-- 11+I-, -
Bronze +0.2
None 1 +0.1
Silver Bste Hr.-ing Alloy -0.ý

20,0() PSIG rressere.-Cycled See Cha2te'
Cor.ýcsion Test ••% seawater), Test C-
weight chýcn-e, -I

Insulated Specimens!
Copper
Stainless Steel, 316
Copper-wickel (70-30)
Aluminum~, jQ-A-2'1,0_4b

S * Phosphor-broflze
Steel, galvanized
Steel, 1009
Aluminum, 00-A-250- i I

S I I vj r Base brating Allry

5' 3J



Corrosion Protection (Cont)
Electrically Coup~led Specimena:

Copper-Aluminum. QW-A-.'50-1l
Aluminum Q,-A-250-4b
Copper-Nick.!l (70-O)

Nonel -Bronze
Stainless stetl (.'16) -

Phosphor-rornzIe

Silver Basv Btazinq Alloy -

Steel. 1004
Aluminum 0Q-A-.2C-ll

IB ronze
Aluminum WQ-A-250-4b -

Steel. 1009
2"0,C00 PSIG Stiired Corrosion See capter P

Test. weight chanle, my Test C-4
Insulated Specimens:

Copper
stainless Steel, 316
Coppeor-NicKel (70-30)
Aluminum. QG-A-250-4b
Phosphor-Bronze
Steel. galvanized
Steel, 1009
Aluminum, QQ-A-250-11
Bronze -
Monel
Silvet Base Brazing Alloy

Electrically Coupled Specimens:
Copper-P.luminum, QQ-A-50--11
Aluminum. 00-A-250-4b -

Copp-r-Nickel (70-.30)
Honcl-Bronze
Stainless Steel (516) -

Phosphor-Bronze
Silver Base Zrazing Alloy -

Steel. 1009
Aluminum. 00-A-250-11 -

Bronze
Aluminum. QQ-A-250-4b -
Steel, 1009

Pump -lest Proposed military
Average Weight Loss. mg specification for

Steel Gears sea-water emulsi-

Bronze Bushings fying oils
Corrosion Coupons, weight loss.

each, mg/cme
Copper
Aluminum
Steel. galvanized
Steel, 1009
Silver Base Brazing Alloy

Dielectric Praperties ASTm D-1i69 (mod-
Resistivity, 'F. ohm-.cmt ified). See Chap-

As-Received tex" 2. Test E-I
With Sea-Water" Contamination: Chapter 2

0.1% by volume Test E-5

0.5% by volume

2.0% by volume

With Carbon Contaminationr Chapter 2
0.1% wt/vol. Test E-6
0.25f wt/vol.
0.5% wt/vol. -__
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S~At•le A~,.h0 L~ ,,,rc See Chapter(slikes and breaks) ,t 90 Tent E-7

volts. !0 amperes, tesis.
t 1ve load

"R r Not filteredI Filtered
Solids jenerated. qrim

Dissipation Factor, .F, :( Set Chai,1ter
As-Received Teut -:-'

SWith Se- Watcr Contamination, See Chapter P
0.1% by vo'.ume Test E-!
0.5*t by volume
2.0% by volume

With Caribok Contamination: See Chapter 2
0.10% wt/vol. Test E-(,
0.25%, wt/voI.
0.50% wt/vol.

After 50,000 Electric Arcs
(makes and breaks) at 9(0
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated. gram

Dielectric Breakdown Voltaqe, ASTH D-877 (mod-
0.05-inch gap. *F. kv ified). See Chap-

As received ter 2. Test E-3
With sea-water contamination: See Chapter

0.5% by volume Test E-5
0.50% by volumeI~J 2.0% by, volumeseCapr2

""•With carbon contamination: See Chapter 2
0.10% o t/vol. Test E-6

5% w.t/% vo. .
0.5C% wt/voý.

After 50,000 eltetric arcs
"(makes and breaks) at 90
volts. 10 amperes. resis-
tive load

Not filtered
Filtered
Solids generated, gram

Contact Life. eilver-cadmium. 50 See Chapter 2
volts. 10 amperes, resistive Test E-5
load. 6000 psi. 65*-85' F

Number of tests
Operations to failure (range)

Emulsion Stability
Faddle Test. after 1-hour set- iswT D-1401

tl ingt
Oi:. ml 40
Emulsion. ml 0
Water, ml 0tO

Electric Probe Test, time for See Chapter 2
water separation, min Test E-

Material Compatibility Static 2OMPSI See Chapter 2
Butyl Test C-3
Buna N
Viton 8
Vt thylene-Propylene
Tetrafluoroethylene (Teflon)
Neoprene
Thiokol
Fluorosilicone

Ssilicone
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- - Met hod

VJolatility
Toxicity Pot roleo
De naty. )ra m7- T .I.,,t,,7 ,, t I i ,, ,t a _ _ I..TI6" "'T. t

0 psti See NSHDL

5000 Vst.1 Annapuflu et-milt
5.00' pst'J IATLAIS 550

8,0w0 psi 
•

1O.O psi ;
15.000 p3 III
20.000 psa.; ......

Isotherma IVC Orlit Volume T;'I' "-l!--r -

"deca'..' :CE. art See NSkf)I.

0 Ps" iq PnapoII iM k' 1* I tL

3.000 ps "I MATLAh 350

5.000 psiq
8.000 psI'

10.000 psig
15.000 psiq
20.000 psiq .....

Chemi___ca I Stabilitry

Oxidation Stability Test. 2QS* F. AST" D4'
hours to failure

Oxidation Stability Test. 2'50' F Fed. Method 5308

Hydrolytic Stability Test Kilitarý spocitl-

Specimen change, mg cation iMIL-11-

Specimen appearance 19457D

Fluid acid number increase,
mg X)H/gram fluid

Water acidity, mg KDH
Insolubles, %

Thermal Stability Test
Fire Resistance

Flash Point. 'F 595 ASTM D-92

Fire Point. OF 445 ASTm D-92
Autoqineous Ignition Temperature.*F ASTM D-2155

High-Pressure Spray Combustor See MEL Report

Minimtm spontaneous ignition 5I/66 of March

temperatore, 'F 1967
Minimum reaction temoerature, -
OF

No indication of fire, 'F

Maximum pressure change, psi
Lowest temperature of maximum -

pressure change, 'F F
Temperature range explored. F -"

Miscellaneous Properties
Pour Point, "F AST4 D-97
Foaming Tendency, 75' F ASTM D-892

Foam after 5-minute aeration,
ml

Time out. minutes
Foam after 10-minute settling,
ml

Neutralization Number, mg 3CDIl/gram AST" D-974
Water Content. % by weight 0.002 AST" D-1744

Neutrality, qualitative Fed. Method 5101

Contamination
Number and size of particles and SAE Method ARP-

fibers in l00-ml fluid 598
25-100 micrometers
100-500 micrometers
over 500 micrometers
particles over 250 microm-
eters except fibers (length
teo times diameter)

Gravimetric .,,.iue. mg/100 ml SAE Method ARP-785

Specific gr&;tty at 70/60 'F 0.866 ASTM-D-1298
Color AFTMt D-1500

Cost $/gal availabl from su plier -
Availability D2==jn __ _

'Determinations made at atmospheric-pressure. unless noted.
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Fluid Code J

1 Suggsted Uses uSM Poosibie Limitations

lFluid Code J, a petroleum oil i=oduct., meets the require-
mints of the United Statea rharmacope-a (USP) for medicinalI m •ineral oils. It has been used in " deep submergence vehacle
as an immrsion flutd for sionmovinj electrical parts. Field
experience has shown that it has failed as a lubricant for
electric motors and gear. at 1000 psig. it provides no corro-
Win protection. It has satisfactory dielectric properties.

Its poor sea-water emulsion stability ma•:es it questionable for
use with motors at deep submergence pressures. Although its
dielectric propetties are good, its relatively high viscosity
makes it a quettionable chcice for other electrical applica-
tions at deep submergence pressures.

1)

U

L

1

1..

r
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Fluid Code J(1

(Petroleum basse luid)

"/iScoetgic Propertie. -
Vis•cos-ity. ceati~s-tkes, at: 35" 1 W iclq'• F ;t'F

C psig

3.000 p5g9 See NSRDL

5.OM0 psi< Annapolis kitpolt

8,0O psai )tATItB 5%
10.000 psig
15.000 ps.g
20.000 psiq

Viscosity. centiatokes, at 1CO" F. i44 .1
Viscosity. contistokes, at 210* F. 6.08 AST1M D-4

4
1-

0 paig
Viscosity Slope, ASTI 0.771__

Lubricat in•l Ability|

" "--- Wear Test, 30 min. 50' C- Fed. Method 6%0.ý

52100 steel, average scar dia., (modified)

1 kq
3 kg
5 kg

Corrosion Protection
Stirred RusTest, 10% seawater, ASTm D-665

14.0 F, 2 days Fail

On-Off Rust Test, 50% seawater, See Chapter 2

140 F, .50 days Fail Test C-5
Ambient Pressure, colipcn See Chapter 2

stirred, corrosion test, weight Test C-i 1

change, m g
Copper - 8.5
Stainless Steel, 316 + 2.7
Copper-Nickel (70-30) + 1.3

Aluiinum, QQ-A-250-4b +-552.1
Phosphor-Bronze - 12.7
Steel, galvanized + 62.9
Steel, 1009 -909,7
Aluminum, QQ-A-250-11 +134.9

Bronze - 1C.0
Monel - 2.4
Silver Base Brazing Alloy + 2.5

20,000 FSiG Pressure-Cycled See Chapter 2

Corrosion Test (1% seawater), Test C-2

weight change, mg
Insulated Sp~cimens:

Copper
Stainless Steel, 316
Copper-Nickel (70-30)
Aluminum, QQ-A -250-A b
Phosphor-Bronze
Steel, galvanized
Steel, 1009l

Aluminum, QQ-A-250-ll
Bronze
Mone 1
Silver Base Brazing Alloy
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ýo iLLro ien i, Li~tac inC>t
Electrially Coupled Specimens:Si ¢Copper-A luminum, W-A-?2W. I

Alumtnum 4-A-250J4b -

Copper-N ckeI (70-30)
Nono 1 - Bronze
Stainless Steel (316)

Phosphor-Bronze•_5~S-ilver Base Brazing Alloy-

Steel. 1004Aluminum QQ-A-250-11

Bronze

Aluminum QQ-?-250-4b -
Steel. 1009

20,000 PSIG Stirred Corrosion See Chapter

( Test, weight change. mg Test C-4
insulated Specimens.

Copper
Stainless Steil, 316
Copper-Nickel (70-30)LAluminum. QQ-A-250-4b -
Phosphor-Bronze

Steel, galvanized
Steel. 1009
Aluminum, QQ-A-250-1 I
Bronze
Monel
Silver Base Brazing Alloy

Electrically Coupled Specimens:
V'" Copper-Aluminum, QQ-A-250-11

L Alurinue. QQ-A-250-4b-
Copper-Nickel (70-30)

24onel-Bronz-
Stainless Steel ()16) -
Phosphor-Bronze

Silver Base Brazing Alloy -
Steel, 1009

Aluminmm, QQW-A-250-1- -
Bronze

Aluminum, QQ-A-250-4b -
Steel. 1009

Pump lust Proposed military
Average Weight Loss, mg specification for

Steel Gears sea-water emulsi-

Bronze Bushings fying oils
Corrosion Coupons, weight loss,

each, mg/cm2

Copper
Aluminum
Steel, galvanized
Steel, 1009
Silver Base Brazing Alloyf Dielectric Properties ASTH7 D-I169 (mod-

Resistivit•y, 80 *', oha-cmi ified). See Chap-
As-Received (2) 12.6xlO14 ter 2. Test E-I
With Sea-Water Contaminatio 4.4x1 0 14 Chapter 2

Test E-5
0.5% by volume"ii 2.0% by volume

With Carbon Contamination: Chapter 2

Test E-6

0.25% wt/vol.

0.5% wt/vol.
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Met hod
Dil• ec'tr .P l r ti '• etn,

A ýTi ~0Electtic Arc~s See Chapter
(makes and oreaks) it 10 Test E-7
volts, 10 ,am eires. tst-i-
tire Iodd

Not filtered 5.txi0"
Filtered 2.2x10%14

Solids jenoLated, ,rm 1.16
Dissipation Factor, 80 *F, ý See L-aapter

As-Rece I ved O.C Test E-2
With Sea-Water Contaminationg 0.0 See Chapter 2

O.1% by volume Test E-5
0.5% by volume
2.0% by volume

With Carbon Contamination: See Chapter 2
0.10% wt/vol. Test E-.6
0.25% wt/vol.
0.50% wt/vol.

After '1,000 Electric Arcs
km.ikes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered 0.9
Filtered 0.6
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mod-
0.05-inch gap, 80 *F, kv ified). See Chap-

As received 27.6 ter 2. Test E-3
With sea-water contamination: 9.0 See Chapter 2

0.1% by volume Test E-5
0.5, by volume
2.0% by volume

With carbon contamination: See Chapter 2
0. 0Mr wt/vol. Test E-6
0.25' wt/vol.
0.50, wt/vol.

After 50,000 electric arcs
(makes and breaks) at 90

tive load
Not filtered 7.2
Filtered 28.6
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapter 2
volts, 10 amperes, resistive Test E-8
load, 6000 psi, 650-85* F

Number of tests
Operations to failure (range)

Emulsion Stability
P.ddle Test, after 1-hour set- ASTM D-1401
tling:

Oil, ml 4o
Emulsion, ml 0
Water, ml 4o

Electric Probe Test, time for 0.2 See Chapter 2
water separation, min Test E-4

Material Compatibility Static 2nKPSI See Chapter 2
Butyl Test C-3
Buna N
Viton B
Ethylene-Propylene
Tetrafluoroethylene (Teflon)
Neoprene
Thiokol
Silicone
Fluorosiiicone

1.
U
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Volat i Iity1
-.oxici!j...L. . .

Density. grams/cubic centieter. at: 16' F - F F6----
0 paig St-ce NSiW.I,

3.000 psig Annalpl is Rovp'pg• !

5,000 psig !MA'rLI •',
8,000 paig

10 000 psig
U15'V)0 paig

20,00 psi9 ..

Isothermal Compressibility, volume .3%5- - 100' F 150- .
decrease, I at: See NSRDLL. 0 Paig Annapolis Report

3,000 paig MATLAB 350
5,000 psig
8.000 psig

10,000 psig
15,000 pia%1
20.000 paig ..

. Chemical stabilit•oxidation Stability Test, 20V F. ASTM D-q4I.

hours to failure

oxidation Stability Test, 250* F Fed. Method 530L

Hydrolytic Stability Teat Military speciii-
Specimen change, mg 0.i2 cation MIL-H-

Specimen appearance Satisfactory 194W7B
Fluid acid number increase, 0

mg XDH/gram fluid
Water acidity, mg NDH 0.31
Insolubles, % nil

Thermal Stability Test
Fire Resistance

Flash Point, -F 4 0 0  ASTM D-92
Fire Point, *F 4 35 AST1 D-92

Autogeneous Ignition Temperature, GF ASTM D-2155
High-Pressure Spray Combustor See MEL Report

Minimumt spontaneous ignition 51/66 of March
teiperature, OF 1967

Minimum reaction temperature,
""F

No indication of fire, 'F
Maximum pressure change, psi
Lowest temperature of maximum
pressure change, *F

Temperature range explored, "F
Miscellaneous Properties

Pour Point, 'F -5 ASTM D-97
Foaming Tendency, 75' F ASTM D-89,

Foam after 5-minute aeration,
ml

Time out, minutes

Foam after 10-minute settling,

ml

Neut. Aization Number, mg 0iH/grqun 0.03 ASTM D-974

Water Content, % by weight 0.005 ASIM D-1744

Neutrallty, qualitative Fed. Method 5101

Contamination
Number and size of particles and SAE Method ARP-
fibers in 100-ml fluid 598

25-100 ricrometers
100-500 micrometers
over 500 micrometers
particles over 250 micrem-
eters except fibers (length
ten times diameter)

Gravimetric Value, mg/100 ml SAE Method ARP-785
Specific gravity at 69/60 "F 0.868 ASTM D-1298
Color ASTM D-1',00

Cost $/Val vailabl from su lier
- vailbIIity _rpriet: I_ -L ID.terminations mamd at xtmospheric pressure, unless noted. 2 Saturated with seawater,



Fluid Code K

Suggested Uses and Possible Limitations

Fluid Code K meets the requirements of the National Formulary
(NF) for medicinal mineral oils. As a petroleum oil product
its dielectric properties have not been determined. It-
has been used as an immersion fluid for nonmoving electric
components at depths not exceeding 2000 feet. In one particu-
lar instance in the field, it failed as a lubricant for moving
parts. It provides no corrosion protection.
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Fluid Cods A(,%:

V{ o5mstric Proerties e_ Method

Viscosity. centistokes, ato 3* F 100* F 150" F

0 psig
3.000 psig See NSIDL
SAW0 paig Annap~olis Report
8.000 paig K4ATI•D 3"0

I0.000 paig

15.000 puig
20.000 psig

Viscosity, centistokes, at 1Q(q ° 7.68
Viscosity. centistokes. at 210 F. .. 23 ASTH D-445

0 paigViscosity Slope. MAS nFd t 6

S" 4•al ea Tst30 1i., 50. c. Fed. method 6503

52100 steel, average scar dis.. (modified)

1 kg
3 kg

5•kg

LI 5__ __

Corrosion Protection
Stirred Rust Test. 10% seavater, ASTM D-665140. F. 2 days

On-Off Rust Test, 5v% seawater, See Chapter 2

11,0' F. 30 days Test C-5
AMb-ent Preasure, coupon See Chapter 2
stizrad, corrosion test, weight Test C-I
change. 9LIC~pper

Staittless Steel, 316
Copper -Nickel (70-30)
Lluminum, QQ-A--25-4b
Phosphor-Bronze
steel, galvanized
steel. 1009
Alminium, •Q-A-250-11
Bronze

Silver Base Brazina Alloy

20.000 PSIG Preasure-Cycled 5ec Chapter 2
Corrosion Test (if seawater), Test C-2
weight change, mg

Insulated Specimenst
Copper
Stainless Steel. 316
Copper-nickel (70-30)
Aluminum, CQ-A-250-4b
Phosphor-1ronre

Steel. galvanized
Steel. -009
Alumini'., Q-AO-250-11

Silver Base Brazin 9 lly

1 1 1-163



Me ' hod
o •rotion Piotection (Coant)

Electrically Cuupled Spec'mena:

Copper-Aluminun.. W-A-2tO-ll

Aluminum W-A-250-4b -

CoprImr-Nickel (70-30)
Monel-Bronze

Stainless Steel (316) -

Phosphor -Brornze

Silver Baae brazing Alloy -

Steel, 1004

Aluminum UU-A-5")O-ll -

Bronze
Aluminum Q-A-250-4b -

Steel. 1009
20,000 PSIG Stirred Corroaxo,' Sec Chapter

Test, weight change, mg Test C-4

Insulated Spec imenas:
C,,ppe r
Stainless Steel, 316
Copper-N ickelI (70-,"D3)

Aluminum. Q.W-A-250-4b

Phosphor-Bronze

Steel, galvanized

Steel, 1009
Aluminum, Q-A-?0-lJ

Bronze

Mone l

Silver Base Brazing Alloy

Electri-ally Coupled Specimens:
Coppe r-Aluminum, OQ-A-25)-11

Aluminum, QQ-A-2tý0-4b -
Coppet-Ni ckeul (S7e0i-en))

Mone i-Bronze

Stainless Steel (316) -
Phosphor Bronze

Silver Sase Brazinq Alloy -

Steel, 1009

Aluminum, QQ-A-25O-I1 -

Bronze

Aluminum, ,Q-A-250-4b -

Steel, 1009

Pump Test Proposed military

xverage Wu.ght Loss, mg specification fr

Steel Gears sea-water emulsa-

Bronze Bushings fying oils

Corrosion Coupons, weight loss,

each, mg/cm
2

Copper
Alumn ins

Steel, galvanized

Steel, 1009 
-

Silver Base Bra-ing Alloy

Dielectric Propert,"s 'Tm D-.I6- (rocd-
Resistivity, 'F, chm-C.A: ified). See Chap-

As-ieceived tar 2. Test E-I

With Sea-Water Contamination: Chapter 2
0.1% by volume Teat E-?

0.3% by volume
2.0,% by volume

Witn Carbon Contaminationi Chapter 2

0.1% wt/vOl. Teat E-6

0.2-• wt/vol.

0.§. wt/vol. _ ________. .-
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met hodSDielec-'r ic Proe~rt ia (cc---.,'
After j00m Electric Arco See Chapter 2

(makcs and breaks) at 90 Test E-7
volts, !0 amperes, reals-
tive load

otfiltered[1 h~ofltered

Solids generated, qram
Dissipation F.itor, *F. 1 See Chapter

As-Rece ived Tes E-,
with.Sea-Water Contaminations See Chapter 2

0.1 by volume Test Z-5
0.)% by volume

2.0% by volume -

With Carbon Con''.saination, See Cbspter 2
0 .210% wt/vol. Test E-C,
0.10* wt/vo l.
0.50% Wt/vol.

After 50.000 Zloctr'c Arcs
(makes and breaks) st 90
volts, 10 amperes, resis-
tive load

Not filtered
FLltered
Solids ;enerated, qram

Dielectric Breakdown Voltaqe, ASTH D-8.•77 (mod-
0.05-inch gap, *F, kv ified). See Chap-

As received tei ,?. Test E-3

With saa-water contamination! See Chapter 2
0.1% by volu•'me Test E-5
0.51% by volue
2.0% by vuluw.

with carbon contamiration: See Chapter 0,

0 .10% wt/Vol. Trest E-6J
0.254 wt/vol.
0.50% vt/vol.

After 50,000 electric arcs
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, c;ram

Contact Life, silver-cadmium, 50 See Chapter
volts, 10 amperes, resistive Test E-3
load, 6000 psi, 65*-85" F
Number of teats
OUperstions to failure (rangsj

Paddle T.st, after '-hour set- A.", 4- 4Cl
tlinqz

0Oi, ml
tmwlsion, ml
Water, ml

Klectr•-c Probe Yost, time for See Chapti,

vater separation, miin Test r_4

Material Cos.at~blllity Static 20"SI See Chapte.

patyl Test j-5
Dun&s
Viton S
9thy Ine-Propyeine
Totrafluorootth.iTP! n!on)s
1eop reor

Sl.oroel icone*
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Tux ic it)L__ PetrOl.u j
2!ensiy j iafxil/cuýbic je nt arwti at r ' _10 1 I

o pal')e~Nk~l

o00 psi~ -9An o
, 000 Paa*q MATLA.B~

8,00psi-.'
10,000 pa L'i
15,.000 on 14
20 ,000 ps tj _ 37 'V f_0_v__7_-

Istermial Coprssab ilit ,11

Fluidse ac,~ Sumbe increas
mq )pH/re fluidý- ý '. "

"MOIniu papotnot iqit

oxindiation ofIlt fiest 20*F, AMD-)
houims pressure aneps
Loxidatio steeablturTest of V Faimi F-J.

Spreesure -hanqe, mgci io.MLH
Spaeimuen iperane exploed, '
Ficelaeuid acrpumert inrese

Foaitin !'nacy. ?ý' Fq AST od
Fnoam afer, %~iint aeain I
rml StbltyTs

Fl ish rout. 'Futi I3 SM1
Fir oint at'F l0Smnut ,etlin

Neutrafizao intion Numermp eII/qrc AS ISTM D-'v;1

CotMinimu ipontreu qiin1116 '
Number an turc *f iatce '

Minimu reacion trnpert ire

No indrincat 0ion. of fire 'F

MaximumC pressroe hng. ps

Loes temperatorea ofC maximum-

Teprtue raneget '~expord l-t'F

ml,

Wal4termi15 i-cs ma, to by oa~.i weigurhtnec - '

.4eutrality,~ Iui'tv rcd 166o-



3 Fluid Code L

ii uqgoested Uses and Possible Limitations

Fluid Code L is a silicone oil containing an Additive for
improving lubrication. Laboratory wear measurements show that
the additive has improved the lubricity when compared to a
silicone of the same viscosity. aowe.ver, the wear tests indi-
cat that the lubricity of Code L is still net suitable for a
motor or gear lubricant under deep submergence conditions. It
affords no corrosion protection, and it is extremely flammable.
Its initial diolectric properties are good. Because this
Product is a slight modification of MIL-S-21568A, 1-cs fluid,
it should Le a good second choice to the latter product for all
electrical applicationr other than motors.

SIII-Ti67
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Fluid C06eLU

______________________(5 1I&Coin base Fluld)

VIscumetIv.! ploJ T -e

C 's1,51-1

'),000 P414 Afnn p I s
8.',o 00 sI ATLAls

I0.04)C I'si -'

I) .000 pal')

viscosity, centistokes. at 100* P, 0.'(6
Viscosity, centistokes, at 150' F'. 0.44 AI -i

Viscosit,, Sl~pe. AS 74
Lubricating Abi'iýy

4-Ball Wear Test, .0 Min, 80* C, 1
'-'100 steel, avera-qL scar did., Synthetic ~I
Mr': Seawa ter

1 kq

kq

30 mnn 5," C, 5.ý13J steel I kq 0.26 I
L 6c m~n, ý,2' C,'. p120 steei. I kq 0.30 3.4

Corrosion Protection

Stirred Rust Test, I0I seawater, FallIA~ -
140* F, 2 days

On-Oft Rust Te3at, 140" seawater, S,.c C',.
lJ-0* F, 50 days iTest C--

Ambient Pressure. coujp.)n -¾(C't'
trr'.corrosi.)n tet el est C-1

changk, emg
Copper

Stainlest Stiel, 3i6
Copp~r-Nickei (70-Y(,)
Aluminums, 00-Z,-?50-4b
jihosphor-Bronze
Ste,!l, Ialvanized

S'eel. 1009Q
Alu:Tinur.02Ar-l
Bronze -

Mane I
Silver Base Brazinq Alloy

X?,101-1PSIG Pressure-C'.vled IS'C-

CroinTes-t (17 seawiter) ,e~ C yes
weiqht ohanc~e,n

Insulatri Spr"ci~rrs
Crtpper
Stainless Steel, 116-

Phoupho, -Bri-.n ze
-,toel ;I Iven ied
S t e el k

A! ur z i .n- ?-21

Mar el

MonoI

I L



S Co rros ion P rotetio e • on

E-actrically Coupled 'Sp&cimens:

t •Coppor-Aluminum, QU-A-250-lI
Aluminum W-A-250-/b-

Copper-Nickel (TO-•0O)
lionel-bronze
Stainless Steel (316) -

Phosphor-Bronze
Silver Bare brazing Alloy -

Steel. IC(4

Aluminum Q-A-250-II -
Bronze

Steel. 1OO9L;'0,00 PS1G Stirred Corrosion See Chaptei

Test. tfeiqht change. mq Test C-4
Insulated Specimens:

Capper
St, inlese Steel. 316

" Couper-Mickel (70-30)
Aluminum, QQ-A-250-4b
Phosphor -Bronge
Steel. galvanized
Steel. 1009
Aluminum. QQ-A-250-l .
Bron.e
Nonel
Silver Base Brazing Alloy -

Electri-rally Coupled Specimens:
Copper-Aluminum, QQ-A-250-1 1
Aluminum. Q-A-250-J4b -
Copper-Nickel (70-30)
tonel -Bronze
Stainless Steel (516) -

Phosphor-Bronze
Silver Base Braz;ng Alloy -

Steel. 1000
Aluminum, QQ-A-250-11 -•i i Bronze

Aluminum, QQ-A-ý2,0-4bo-

Steel, 1009
Pump Test Proposed military

Averaqe Weight Losis. mg specification for
Steel Gears sea-water emulsi-
Bronze Bushinas fying oils

Corrosion Coupons, weight loss,

each, vmq/cmi
2

Cooper
SAil~minum

Steel, galvanized
Steel, 1009

Silver Base Brmzing Alloy
Dielectric Propecties AST4 D-1160 (wi-

Resistivity, 76 jF, Oh-ca ified'. See Chap.

As-Receiveo 5d0 ter 2 Test E-1
With Sea-Water Contamination: Chapter 2

S. 1% by volume -Test E-5

0.5% by voiume• - •2.0% by volume

With Carbon Contamination: Chapter 2
O.1• wI/vt,. j-Test E-6C"- . 2 5 % w t / v ol .% V / K 1T
0 .5% wt/v I__ ___ __ -. _ _ - __
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Method j

•t •.-,W tcCtfi. Akrs See CMepter '
(makek and bri.eks) at 90 Test E-7
volts, !0 amperes. Levis-
tive load

Not filtered
F: 1tered
Solids gerTrated, gram

Dissipation Factor, 76 Or, % See Chapter
As-Received 0.9 Test Z.-2
WLth Sea-Water Contaminationa See Chapter ?

0.1% by volume Test E-1
0.5% by volume
2.0% by volume

With Carbon Contamination: See Chapter P
0.10%, wt/,ol. Test E-6
0.25% wt/vol.
0.50' wt/vol.

After 1,0.000 Electric Arcs
(makes and breaks) at 90
volts. 10 amperes, resis-
tive load

Not f iltered
Filtered
Solids generated, gram

Dielectric Breakdown Voltage, ASTM D-877 (mrd-
0.05-inch gap. 76 *F, kv ified). See Chap-
A; receiv*d 26.2 ter 2 Test E-•
With sea-water contamination: See Chapter 2

0.1% by volume Test E-5
0.5% by volume
2.0% by volumt

With carbon contamination; See Chapter 2
0.1o0• t/vol. Test E-6
0.25ý', Lw/vol.
0.50%, wt/vol,

After 50,000 electric arcs
(makes and breaks) at ':,
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solids generated, qraw

Contact Life. silver-cadmium, 50 See Chapter 2
volts. 10 amperes, resistive Test E-3
load, 6000 psi, 65*-85' F

oumber of tests
Operations to failure (range)

Imulsion t$bUility
Paddle est, after i-hour set- ASTM D-1401
tlingt

Oil, ml 40
Emulsion, ml 0
Water, U.1 40

Electric Probe Text, tiime for See Chapter 2
water separation•mrin 'est E-L

.aterial Co atibility Static 2OKpSi See Chapter V
Butyl Test C-3
Duna N
Viton B
B•thylene-Propylene
Tstrs luoroethylene (Teflon)
Neoprene
Thiokol

Fluorosi1Icone

111-170
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volati I ity met . .d
Toxicity silicone

Desiy qrM87~cu-ccen-timete4r- %t% 5 10
0 pGJg See NSIL

3,000 paig Annapolib. Repurt
5.000 paig 1AATLAB 550
8.000 paig

10.000 psig
15.000 paig
20.000 paig

Isothermal Compressibility, volume 53"F 100" F T5O •-
decrease. 5, ats See NSRDL

0 psig Annapolis Repu.rt
3.000 paig MATLAB 550
5.000 psig
8.000 psiq

10,000 paig
15.000 paig
20.O000pi

S Chemical Stabilit ST -9,

Oxidation Stab lity Test, 203* F. ATm D-945
hours to failure

oxidation Stability Tot. 250e F Fed. Method ý308
Hydrolytic Stability Teot Military specifi-

Specimen change, mg cation MIL-IH-
Specimen appearance 19457D
Fluid acid number increase,

mg MDR/gram fluid
Water acidity, mg IKH
Insolubles,

Thermal Stability Test
Fire Resistance

Flash Point, *F ASTM D-0 "
Fire Point, *F ASTM D-94,
Autogeneous Ignition Temperature,6F ASTM D-2155
High-Pressure Spray Combustor See MEL Report

Minimum spontaneous ignition 51/66 of March
temperature, OF 1967

Minimum reaction temperature.

No indication of fire. °F
Maximum pressure change, psi

r Lowest tempftrature of maximum
t! pr-.vsure change, *F

Temperature range explored, *F

Miscellanu Prperties
Pour point, F ASTm D-97
Foaming TenCancy, 750 F ASTM D-892

Foam after 5-minute aeration,
al

Time out, minutes
SFoam after lO-minute settling,

neutralization Numk-er, mg KOH/gram ASTh D-974
Water Content, % by weight 0.030 ASTm D-1744
Neutrality, qualitative Fed. Method '101
Contamination

Number and. size of particles an SAE Method ARP-
fiber, in 100-ml fluid 598

25-ICO micrometers
100-500 micrometers
over 500 micrcmeters
particles over 250 microm-
star* except fibers (length
ten times diameter)

Gravimetric Value, mg/l00 ml SAE Method ARP- ý89

Color ASTM D-i1<XC
Cost /gl a-ailabl from sauliar
Avslabillity DE v ,.--[• looetrminations made a tophrcreseunless noted.
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Fluid Code X

SugeoSted Ues .and Possible Limitations

Fluid Code K has a low viscosity which would indicate that it
may be suitable for special requirements at great depths. Its
wear test is rather good, indicating the possibility of favor-
able lubricatioa properties. It provides some corrosion inhib-
itiou. It has a low resistivity and a high dissipation factor#
making it questionable for any electrical application at deep
ocean pressure. It is highly flasmable.

I..

[[

I..
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fluid Code *)
(Petroleum base Fluid)

Method
Viscomet ric Pro~ert Les

0 psig

L,00W puig See NSkDL

"" 5.000 psig Annapolis Repoit
8.000 paig MATIAB 350

10.000 pai;
15.000 psigL 20.000 psig

C,

Viscosity, cemtistokes, at 100" FP 3.08
Viscosity. centistokes, at 210" F, 1.20 ASTM D-445

= • 0 paig
Viscosity Slor., A7H_ 0.865

L uabricato•Rblt

-ii WearVest, 60 in. 80" C, Fed. Method 6'503
52100 steel, average scar die.. (modified)

i 4•0 kg 0.75

V

Corrosion Protection
Stirred Rust Test, 10% seawater, ASTh D-66r

1J40" F, 2 days Page
On-Off Rust Test, 50% seawater, See Chapter

146*0 F, 30 days Fail Test C-5
A •bient Pressure, coupc.n See Chapter 2

stirred, corrosion test, weight Test C-1
change, mg

Copper -14.8
Stainless Steel. 316 + 0.3

Copper-Nickel (70-30) - 1.1
Aluminum, QQ-A-250-4b + 0.5

Phosphor-Bronze -9.8

Steel, galvanized 6.8
Steel, 1009 + 0.2
Aluminum, QQ-A-250-1l - 0.6
broqse - 7.9
M Nonel - 1.
Silver U~se Brazing Alloy - 6.7

20,000 PSIG Preesu're-Cycled See Chapter

Corrosion Test (1% seawater), Test C-2

weight change, xq
insulated Spec imens :

Copper

Stainless Steel, 316
Copper-Nicksl (70-30)
Aluminum, Q-A-_5-4b -

lPhoaphc --.ronze I-
steol, galvanised
steel, 1009. I

Bronze -

Silver base bra Alloy - ------
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Me thodCorrosion Protection (Coiit) 
Mto

-- Isec t r io a 11y-COUpTe-T. pt c iuno ns
Copper-Aluminum. W -A•-f50-1

Aluminum Q-A-2P5-4b -

Copper-Nickel (70-30)
None l-Bronhe
Stainless Steel (5l6) -

Phosphor-Bronz.
Silver Base Brazsing Alloy -

Steel, 1004
Aluminum W-A-: I.-I I -

Bronze
Aluminum QQ-A-P50-b -

Steel. lO& Oý)
20.000 P0IG Stirred C,.ruominn Sre Choptux 2
Test, weight chanje, mq Test c-4

insulated Specimens s

Copper
Stainless Steel. 16
Copper-Nickel (70-30)
Aluminum. lN-A-f50-4b
Phosphor-Bronze
Steel. galvanized
st•el, 1009
Aluminum. QQ-A-2eO-ll
Bronze -
Monel
Silver Base Brazinq Alloy I

Electrically Coupled Specimens:
Copper-Aluminum, QQ.-A-?_0- I

Aluminum. QQ-A-250-4b -
Copper-Nickel (70-30)

None 1-Bronze
Stainless Steel (516) -
Phosphor-Bronze

Silver Base Brazing Alloy -

Zteel. 1009
Aluminum. QQ-A-250-ll -
Bronze

Aluminum, W-A-ý50-4b -

Steel. 1009

Pump Test Proposed military
Averaqe Weight Loss. mg specifi.cation for

Steel Gears sea-water emulsi-
3ronze Bushings fyir.g oils

Corrosion Ccupons, we•,ht loss,
each, mg/ci2

Copper
Aluminum
Steel, galvani zed
Steel, 1009
Silver Base Brazing Al-:

Dielectric Prorto s ASTH D-169 mod-
tesistivity,'-Tr-.. ohm-cm: 2.8xI0 ified). See Chap-

As-Rc-ýeived te-r 2. Test E-l
With Sea-Water Contaminat•un: Chapter 2

0.1% by volume - Test E-5
0.5% by volume
2.0. by volume

With Carbon Contamination: Chapter
0.1% t/•oil. - Testl F-

0.255 wi/vol.
0. 9 t/vol. I
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Method
Dielctric P_0%VIo lt Ved0

Ati te-r I Z. 6 -Elec~tric-Arcs See Chapter

(makes andl breaks) aIt 90 Test E-7

Volts. id amperest. 1asm-
t t ye load

Not filtered

Filte ed
Sotlids qleneratt.A, ,Itam

Dissipation Fictor, 7Y *F. % Se' Chapter
As-Rece vvd >60 Teat E-2
With Sea-Wdter Contaminations See Chapter 2

O.IX by volume - Test E-5
0.5•% by volume
2.0% by volume

with Carbon Contaminations See Chapter 2
0.101 wt/vol. Tept E-6
0.25% wt/vol.
0.50% wt/vol.

After 510.000 Electric Arco
(makes and breaks) at 90
volts, 10 amperes, resis-
tive load

Not filtered
Filtered
Solidi generated, Iram

Dielectric Breakdown Voltage, AbTM D-877 (mod-
0.05-inch gap, 77 *F, kv ified). See Chap-

As received 20.6 ter 2 . Test E-3
With sea-water contamination: See Chbipter 2

0.1% by volume Test E-1
0.5% by volume
2.0% by volume

With carbon contamination: See Chapter 2
0.10% wt/vol. Test E-C
0.25g" wt/vol.
0.5O1 wt/vol.

After 50,000 electric arcs
(makes and breaks) ,t 90
volts, 10 amperes, resis-
t ve load

Not filtered
Filterec.
Solids generated, gram

Contact Life, silver-cadmium, 50 See Chapte. 2
volts, 10 amperes, resistive Test E-3
:oad, 6000 psi, 65*-85* F

Number of tests
Operations to failure (range)

Emulsion Stability
Paddle Test, after 1-hour set- AST" D-ILOI
tling:

O11, ml 32
Emulsion, ml 23
Water, ml 25

Electric Probe Test, time or See Chanter
water separation, min Test E-4

Material C atibilit Static 2OKPSI See Chapter
1utyl e L 5 F, 168 hr. Test C-•Butyl

Siura N L stock 21.1 I
Bunsi N - H stock 8.1
Viton B
Ithylerie-Pro lene
Tera fluorr.v ylene (Teflon)
Naopreno
Thiý*Il
Silicone

f luoroa i I icon.

Based or. atmosphric pressare data.
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o paig Sao MOMR
3.000 P81 naplskq,1
5,0 P41 ARTWp~x Me!.,z
8.000 pail

10.000 pail
15.000 peig
12000 

_

aCr gU _&#cli7I. vi;u#A. 5F 1'7 'C"

0pailj An~napolis NH.jp'ýi

3,000 Pea PATLAB )AC

10.000 pi

15.000 ps i'
20%0 ____

OX ~It klitv Test. 210) r. As.at ry94
hors to failure

Osidatiotn Stability ?Cst. PSG',* I- Fed. "ethod !('T,

Wcatio

Insolublee.
Thermal Stability lest

Fire 110istaCNc
vFIash PC Wt, *'? 215 AS T" D~
Pit* Point, *F 220 AS?" D-).
A~atOgqen is Ignition T-mT, raturo,"F A5'~ I"D-
Niqh-Prossurc Spray, cor.1t,ýtcf See @2L Report

Minimuma *PntanpCuAS l-,r~t1 ýJ: 1X,/66 of !larý,
temerature, 'r 1967

Minimum rea~tion t,-mper!turc,

No ind;.cation of fire,
IaXimum pro..ure chafl9.p.,
Lowst temperature of maxim,~
Pressure change. 'LF

?"Opermture range expLored, *r

Vour Poxnt. -gPS 4EFoaming Tendency. 75* F ASTM &

Tfl LOW ut, Minutes
Team afte'r 10-Aninuu ~t tin
al

Neutralizat ion lRuvir-er, "~ YDK'oir"i 0.O A.ST94 u-)71.
voter conitent, •ý by WOi(Jht ý)OO35 ASh 7W0-174

Contaminati~on
Nlumber and size of partticle an4SJ eh-AkF

thears in 100-al fluidI

over 5M0 sicrroters

specific gravity at -,0/6--, *x5 L.r!cSk
Color A "0-ýi

Cost $/I*, I e

lowtotleatia ons 069 at atoooperic proemewr., =I*** riote.d,
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• rFluid Code N

{ Sizestod Uses and Possible Limitations

Fluid Code N is a sea-water-compatible/water-glycol-tyPe
L hydraulic fluid and lubricant. Its viscosity i. high, but

since it has a water base it is possible that pressure would
increase the viscosity by only a small amount. It provides
fair lubrication for all conditions except rolling contact.
It provides some corrosion protection. It will be unsuitable
for any electric application at dcep ocean pressure since its

.. water base gives it unsuitable dielectric properties. It is

fire resistant in spite of its low flash point since it will
cease to burn when the source of ignition is reoved.

L

L
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fluid ca"NO
(Wat~r-Glyool ?YV* Fluid) _____ ______

viseatti Proertis at hW

V6siy otske.att: 1009 r I'" I

p0C paig5. SD
3.000 paiq Seep~1 kXiR c i
8.000 Pa .41 *Annplis R-,0 I
10.000 pe igj51

15.000 Peig

20.000 paig

Viacoeity. cefitistokes. at 100* F. 67.3
Viscosity. cetntiatokos. at 150* P. 28 A37% n-44'.ý

0 P419
Viscosity SIM, AS?" 0-533

4-6611 ear tiOt. 50iO am. 50' C, Fe-I. M I
5-2100 steel. average &car dia., (r~d If I.I)

I kg-

15 xg 0.81

corrosion Pr0otct ior,
Stirred Rust Tt,10% "ea'ater, A~ -s
140. ?, 2 dayrs Iase

0tD.Off Rust Trat, s0 ea-ater, I See Chaptes
140' 7, 30 daysav 1 Test C-tl

Ambient Pressitre, c,,jpoin Se Ipe
stirred, corrr~sion test. 'weight ITest C-I
char~qv. r4I

copper .

Copp.r4Yickel M 7- 50} 1
At-daieum, 00-A ?2)C.Ab '4- 1.4
Plowphor-bronza
Steel, "Iyaivezed 6
Steez, 1009 -451.-

B re!1z~ 1) +i
silveo- Base rsz in,; A I -lQo

20.OCDC PSIG Pressure-Cy-cled sI TeintC-2

S)t~ pacimenst

SOArinless*$e: i

Stool, I _ __ ___
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o~IpprI -A lu;,'. it v *A-:, C 1I
A I krmI MU;- "A-A-: I'- " -4

c I'.t-N ;ck'. I c)'

stoinless S~t'cc I it) --

S teel, IC00.

A Iufrim I mu -N

A Ium n v, , m .- A b.4

I trc- I a t c d .1 1-c i 7, bi

Elet ramII Steelcd S;It tn-

ANu'min r.nr-e

Pho-*Lphr Brn

t~it nu 1 , i .1 I-an. I ~ zed

Au~r'inum w-A k r- b 1

Sievere baseh Dx.asn- Apll-,CS

Elcroiley coupled ~ .1!ynqc~~

Corrosin Co Iupos :.; - c;,r -A C

Cc-pp. eN~kc

Steel. qalv.nized

Steel . LOCXF

Wihsasteel Cotaic T.'t

P .1% Test oheF es
be&4 Wright~ Was r IFpc a

Corroson Coupnstc.jh I In

too~ I-,1700



Dielvctric Pia '3titea (Cu, Ara

AfT ar 1"Ict~ Arc r Chapt 5 .
(mak~e and break*) j' (*0 Tes E-
VO'2*. 10 amsperes, s.:0is-

tlv Iteic

With "aa.Matei Contamissntlit~n Sme Chapt f

0.1% bry volume -Test L-

0.5% by volue
2.0% by Volume

With Carbont Con~taminations 5 o Ch* tr

0.10% vt/vol. Test F'-

0.25% '.t/vol.
0."0 vt/vol.

After 50,000 Electric Arcs
(msakes aPd brooks) at )0

volts, 10 aperes. ressa-
tLve load

not filtered
filtered -

Solids goneratedo %jrasm
Dielectric Breakdown¶ Voltage. As I-7
0.05-tnch 44P. F vIif ied) .See Chp

As. received ter. Test F.¶
with asta-water cofltJAmintitii, See Chapter

0.1% by volIume Tevt F-
0.5'% by vo IUWe
2 .0% by v.o la. -

With carbon contamin ations See Chapter

0.10% vt/volI. T 'est E-1
0.25%wvt/vol.1
C-50% vt/vol. -

After 9ý0,00C electr,.c I'cS I

(makes ane br~aks) *t Wi

tive la
not filtered

Solids generated, qrax
Cont-t Lfavilvr-camiu, ýOSeechaptcr

load, 6Ocw psi, 65'--S F

operations to failure can;-"
Emulax,,n Stabilit

raddl' est te-lh"J. ' ST 4-

t 1inq s
ell, al

Water. o'.
vetsp.c aorr-,obe , min~ 'rs F-

IMaterill C2!fLtbI! $;~tat I, 7'Kl'ý (,hai'erz
Butyv;t"

a thy I Cmr-P ropy 1"0i o

Tim traf uorci ý thiy a no

re nok F* -

"Seas 'WI atucpher ic- pres*s7e ia!



volatil water

__ _ rae7~WanT~tr. at. F Oh- F -FTi7 -- -

"C patg See NSIWL

".000 peig Ann pullb 14. .

5.OOC poig ILAB 51'

8.0C peig
10.00C paig
15.0 peO I~ig

20,000 psil ... .. . .tes o e ility. volume P; 100 F ' -1- -

&ý-oralee Is. at$ Se• et .NSRDI,

C ps uiq Ann . x)| I 1 1 ..,

3.000 paig KATLAb .
5,0OC psig

I"8.oo0 psig
L.1 l.000 paig

15,000 psag

Ovemic I Stability

Oxidation St ility Test, 203" F, AST D--14'

hours to failure

Oxidation Stability Tst, 250° F Fed. Yeth ..
Hydrolytic Stability Toot militar' .S1,• :._

Speciumn change, mg9 c.02 at i(i M L- 'I
Specimen appearance ;atisfact ry
Fluid acidity pff 9.8

Insoluble., 5 nil

Thermal Stability Test
Fire Resistance

Plaahi�t " 265 ASTM D-92

Fire Point, *F 270 "-ASm D-l'

Autogeneous Ignition Temperature,*F 825 AS7P D-, 1-ý5

High-Pressure Spray Combustor - SI W.IL Rope!t

Minimunm spontaneous ignition 500 5i/66 f Mizrch

temperature, *F 19(7

Mini.aum reaction temperature, 460 t

Ito indication of fire, 'F 1450

Naxxnsm pressure change, psi 200

Lxmat temperaturc, of maximim

pressure change, *F
Temperature iange explored, *F ý50-560

Niacellaneous Prop es

Pour P1in, .F 0O AS'114 D- 17
Foaing Tendency, 75' F ASTh o--9,

Foam after 5-minute aeration, 280

Time out, minutea
roam after 10-minute settlin', 0o

ml

bautralization Number, mg KOH/gram SIMo D-Y,

water content, I by weight ASTh D-7T-,4

Neutralit~y, qualitz'ive Fed. 'Itth0,
C Contamination

Wumký- and aize of particles and jAE Mt t1t- J ARP-

fibers in 100-mi fluid .

25-ito micrometers

IW0-500 vierntera
over 5 ao micrawtets
parti-lev over 250 microe--

star* *xpt fiberak (length
ton ties diameter)

G Gravisetric Value. mg/1(X) ml SAE :It A i1-

Color A'S TN

Cost V'a kval rOm sup lier

Availability _t______u____t__II -_ -

4joMteiation s "edo at atJepheric pressure. nlesa noted.

I!I



Fluid Code N

Method]Haterial CguetibLliti with Chapter 2

Natural Rubber Fair Test C-3
Polyurethane je

Based oc atmospheric pre•sure data.
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If
Lo
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Ir

L
rL
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I
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